A Methodology for policy analysis and spatial conflicts in transport policies by Beinat, E.
DTCS final report i
A methodology for policy analysis and
spatial conflicts in transport policies
Edited by Euro Beinat
Final report of the project: “Spatial decision support for
negotiation and conflict resolution of environmental and
economic effects of transport policies” (acronym: DTCS)
Institute for Environmental Studies (IVM)
Vrije Universiteit Amsterdam
The Netherlands
Euro Beinat (coordinator)
Michiel van Drunen
Ron Janssen
Centre for European, Regional and Transport
Economics
(CERTE)
University of Kent, Canterbury
United Kingdom
Roger Vickerman
Charlotte Norman
Centro de Sistemas Urbanos
e Regionais
(CESUR)
Instituto Superior Tecnico, Lisbon Portugal
Carlos Bana e Costa
Fernando Nunes da Silva
Isabel A. Joaquina Ramos
Ricardo J. Gomes Veiga
Consorzio Universitario in Ingegneria per la
Gestione di Impresa
(MIP)
Politecnico di Milano, Milano
Italy
Eliot Laniado
Alberto Colorni
Simona Muratori
Elena Foresti
Paola Tagliavini
Giorgio Stagni
Report Number R98/08
31-07-98
Financed by the European
Commission DG12 - Unit D5
Contract ENV4-CT96-0199
IVM
Institute for Environmental Studies
Vrije Universiteit
De Boelelaan 1115
1081 HV Amsterdam
The Netherlands
Tel. ++31-20-4449 555
Fax. ++31-20-4449 553
E-mail: secr@ivm.vu.nl
Copyright © 1998, Institute for Environmental Studies
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording
or otherwise without the prior written permission of the copyrightholder.
DTCS final report i
Preface
This report contains the results of the DTCS project (Spatial decision support for
negotiation and conflict resolution of environmental and economic effects of transport
policies), financed by the European Commission, DG12-Unit D5, under contract ENV4-
CT96-0199. The project started in April 1996 and was completed in July 1998.
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Carlos Bana e Costa, Fernando Nunes da Silva, Isabel A. Joaquina Ramos, Ricardo
J. Gomes Veiga
· Consorzio Universitario in Ingegneria per la Gestione di Impresa  (MIP)
Politecnico di Milano, Milano, Italy
Eliot Laniado, Alberto Colorni, Simona Muratori, Elena Foresti, Paola Tagliavini,
Giorgio Stagni
The DTCS team was assisted in its work by an international scientific review panel
composed by: Dr. João Almeida (Lisbon, P), Prof. Valery Belton (Glasgow, UK),
Professor Michael Breheny (Reading, UK), Prof. Francesco Indovina (Venezia, I), Dr.
Martin Kroon (The Hague, NL), Prof. Manuel Leal da Costa Lobo (Lisbon, P), Dr. Rossio
Mendes (Lisbon, P), Arch. Giovanni Roberto Parma (Milano, I), Prof. Dr. Piet Rietveld
(Amsterdam, NL), Prof. Dr. Henk Scholten (Amsterdam, NL), Prof. Theodor Stewart
(Cape Town, South Africa), Dr. Chris Waite (Maidstone, UK), Dr. Jorge Zúniga
(Almada, P). Their valuable advice is acknowledged.
During its work, the DTCS team interviewed many individuals and representatives of
organisations involved in transport policy evaluation. We would like to thank the
representatives of Kent County Council (UK), Lisbon Metropolitan Area Authorities (P),
Ministry of VROM (NL), Project Management Betuweroute (NL), Province of
Gelderland (NL), Region of Lombardy (I) and Union Railways (UK) for providing
information and advice during the project and the development of the case studies.
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Executive summary and structure of the report
Objectives
Transport policies, such as planning, design, construction and management of transport
infrastructure, have significant economic, social and environmental consequences. These
consequences are spatially distributed across areas which are affected by different benefits
and costs. The choice of the most suitable plan involves balancing engineering, economic
and environmental considerations, and their spatial distribution. It also involves balancing
the demands and expectations of many individuals and organisations who have a stake in
the decision. Conflicts usually emerge in these situations, either because different actors
enjoy different benefits and suffer different costs, or because they judge costs and benefits
differently.
The goal of the DTCS project (Spatial decision support for negotiation and conflict
resolution of environmental and economic effects of transport policies) is t  develop a
methodology which supports:
1. The exploration, identification and structuring of the concerns of actors involved in the
evaluation of a transport policy at different spatial levels (e.g., national, regional, and
local levels).
2. The assessment of the consequences of a transport policy and of its attractiveness
taking into account the different concerns of the actors involved.
3. The sensitivity of this assessment to various types of uncertainty and information gaps.
4. The analysis of the preferences of different actors, the identification of conflicts and of
their cause.
5. The use of this information to support negotiation between actors and to explore
alternative policy solutions.
Background
European transport policies are meant to promote European integration and to foster
economic growth. They also aim at diminishing the environmental impacts of the transport
sector. This should be achieved taking into account national and regional priorities and
maintaining national and regional identities. Balancing all these objectives is at the core of
policy design and assessment in the EU.
In transport policies, different regions enjoy different benefits and suffer different costs.
The spatial patterns and distribution of effects is a cause of conflicts. The evaluation
perspective is also spatially dependent, since some effects will be evaluated locally, while
others will have a regional or national relevance. At each level, actors are likely to have a
different evaluation perspectives and different values. These two aspects, distribution of
effects and different evaluation perspectives, are the main causes of spatial conflicts.
Conflicts also occur when actors are not involved or involved too late, when they do not
posses enough information, and, in general, when there is no attention to the multiplicity of
perspectives involved.
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Research approach
The DTCS methodology is based on spatial analysis and decision analysis. Spatial analysis
supports the search for the most suitable allocation of human activities (e.g., housing,
infrastructure) across space. This approach is used to analyse and predict spatial impacts
and to provide evidence on the consequences of spatial decisions. Spatial analysis includes
a powerful set of methods frequently implemented in Geographical Information Systems
(GIS). However, it still offers limited support to integrate in the analysis the views and
expectations of multiple decision actors. This last aspect is the focus of decision analysis.
It serves to explore the value systems of individuals involved in a decision, to support
problem structuring, to assess value judgement, to compare decision options and to
perform sensitivity analysis.
The link between spatial analysis and decision analysis in DTCS is made through the
concept of policy unit. A unit is an area, administrative or otherwise specified, associated
to a distinctive evaluation perspective. Units are found at various spatial levels, for
instance: national government, regional authorities, municipalities, local communities.
The following figure shows an hypothetical example with four policy units (Region, Area
1, Area 2, and Area 3) involved in the assessment of a three alternative highway corridors
(Alt 1, Alt 2 and Alt 3). This example will be used to illustrate the DTCS methodology.
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In the four case studies analysed in the DTCS project, units are found at the
supranational, national, regional and local levels. In all cases there are units at
more than one level. For instance, the routing decision for the Channel Tunnel
Rail Link (UK) involved the consideration of EU and national priorities, and
the concerns of several County Councils and Borough Councils. The choice of
the corridor for the Betuweroute railway in the Netherlands required the
consideration of national, regional and local concerns. The restructuring of the
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public bus transport in Lombardy, Italy, was based on the objectives of the
region of Lombardy, its eleven Provinces, the bus companies, the users and the
trade-unions. The choice of a road plan to improve accessibility and transport
quality in the Lisbon region was based on the goals and concerns of regional
and local authorities.
The DTCS approach serves to identify spatial units, to structure and organise their point of
view, to estimate the costs and benefits relevant for each unit, and to assess the
attractiveness of a policy option from the unit’s perspective.
The methodology supports five main activities:
1. The identification of policy units and the structuring of their point of view. For each
unit, a typical result is a value tree which organises the areas of concerns for the unit
(e.g., economic regeneration and environmental deterioration); the specific concerns
(e.g., employment) and the variables used to measure the performance of the policy
(e.g., number of jobs created in 10 years).
2. Impact analysis is used to find the impact profile of a policy for each unit. This requires,
modelling, measuring and expert judgement.
3. Value functions are used to transform impacts into a value scale which states the
degree of attractiveness of an impact. The overall assessment of a plan is obtained
through a weighted scheme of these attractiveness scores.
4. If the preferred outcome for two (or more) units is different, then there is a conflict
between these units. This may occur for three main reasons: (1) the units are affected
by the same impacts, but they have different evaluation perspectives; or (2) the units
have the same evaluation perspective, but are affected by different impacts; or (3) the
units employ different evaluation perspectives and are affected by different impacts. In
general, units have partly or totally different perspectives, reflected in different
concerns, the request for different types of impact analysis, different value functions
and weights. The methodology uses conflict indices to compare the results of each unit
and specify the reason and intensity of conflicts.
5. The feedback phase is based on the conflict indices. They are used to specify which
measures could be taken to improve the policy and decrease conflicts.
The following figure illustrates these issues for the Region and Area 3. The Region is
interested in several environmental impacts of the plan: noise effects, impacts on the
natural environment in all areas, landscape effects, and global environmental consequences
(CO2 emissions). Economic concerns include employment, accessibility, cohesion between
economic centres, and costs of the infrastructure. Area 3 has similar concerns for nature
and landscape. However, Area 3 is concerned for noise, employment and accessibility only
within its boundaries. Costs and global effects are not a concern of Area 3.
In the regional perspective, economic aspects have a predominant weight, while the
environmental impacts of all options are considered as not too serious. Area 3 stresses
accessibility and employment, but also landscape and noise. Together with value functions,
not shown here for simplicity, this can be used to assess the attractiveness of the three
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options. An option will be highly attractive if it combines positive impacts on important
concerns. The results for the Region and Area 3 are different: the Region would prefer Alt
2 (good economic performance, albeit at comparatively higher costs); Area 3 prefers Alt 1
(best on those aspects which are most important for Area 3).
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In the four case studies of DTCS, differences between units emerged on all
aspects. In the Betuweroute case, for instance, Provinces and Municipalities
raised different concerns about the railway impacts. Also, some municipalities
which expressed the same concerns used very different weights (differences up
to an order of magnitude). In the Lisbon case, on the contrary, concerns, value
functions and weights were the same for all units, but the impacts profile of the
policy options was different across units. In the Lombardy case, the concerns
and value functions of all units were the same, but the weights employed were
different, leading to conflicts.
DTCS final report 5
The result of the evaluation is an attractiveness score which, for each unit, indicates if a
plan is considered as positive, neutral or negative. In this model, the perspective of a unit is
the result of factual information (the impacts) and of value judgement (the objectives,
concerns, evaluation criteria and weights of the actors in the unit).
It is possible to highlight differences and conflicts by comparing results of the units. The
following figure shows the assessments by the units in this example. The alternatives
which fall inside the shaded area of each graph are attractive (better than the status quo)
for the unit concerned. There is no alternative which satisfies all units simultaneously. The
Region and Area 1 prefer Alt 2, but this option is unattractive for Area 2 (which prefers
Alt 3) and for Area 3 (which prefers Alt 1). Alt 3 is the second choice for Region and Area
1: not the best but still attractive. Area 3 disagrees with all others: it would prefer Alt 1,
but unfortunately this option is unattractive and the worst option for all other units.
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In the CTRL case study in the UK, for instance, a similar situation was found
for the choice of the route for the Medway section: Union Railways preferred
the Board Reference Case, while Kent County Council preferred the Long-
Tunnel option. For the route through Ashford, the central route was preferred
by Ashford Borough Council, Kent County Council, and the Environmental
Forum. Union Railways privileged the Northern route instead. In the case of
the location of intermediate stations there were ten units involved (EU, two
national units, two regional and five local units). Their assessments of the
eleven policy options available resulted in a complex pattern of preferences
and coalitions. A picture similar to the above emerged, but further
complicated by the large number of units and options involved.
These results can be used in many ways. For example, they can assist the negotiation
between actors by focusing on the most critical issues. Also, they can be used to support
the search for conflict resolution measures. By focusing on the weak points of the plan, as
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perceived by the actors, it is possible to investigate mitigations, compensations or even
completely new plans which decrease conflicts and improve the overall results of the
policy. The methodology supports this search by indicating the measures which are most
likely to reduce conflicts.
In the example case, Alt 3 is attractive for all units except Area 3. The analysis shows that
the weak points of Alt 3 in Area 3 are the noise effects and the impacts on natural areas.
Also, in the perspective of Area 3, accessibility and employment benefits are insufficient.
This evidence can be used to support the negotiation between units and to streamline the
search for measures which could improve the attractiveness of Alt 3 for Area 3.
Alt  3
Noise
Natural
areas Accessibility
Employment
Area 3
Area 1
Area 2
Four packages of roads were considered for improving the road system of the
Lisbon region. After a first analysis, one package seemed very promising. It
combined accessibility improvements in the region with limited environmental
effects. However, this package was very unattractive for two municipalities (out
of eighteen). Other five municipalities considered the plan positive, but little
better than the status-quo. This implied a conflict between some municipalities,
the region and the remaining municipalities. Conflict indices pointed out the
weak points of the plan and measured the extent of the changes needed to
improve the plan and reduce conflicts. This led to the identification of a new road
package, in which some road links were replaced while respecting engineering
and transportation constraints. The new package retained most benefits of the
previous one, but significantly decreased the local costs. It represented a suitable
solution to the conflict.
Policy implications
Experiments in four case studies in Europe have highlighted several main added values of
the methodology. First, all relevant actors may be involved in the policy evaluation at all
stages. This means that there are no more actors and spectators, but rather participants
with the right and opportunity of expressing their views. Second, it helps actors
substantiate and organise their evaluation perspective, focusing on the critical issues.
Third, it makes it possible to disclose conflicts at an early stage of the evaluation, before
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they crystallise and come to jeopardise all interactions between actors. Fourth, it helps
actors understand, substantiate and communicate their position to others, increasing the
transparency of the evaluation. Finally, it serves to narrow down the focus and to increase
the effectiveness of the search for conflict resolution measures.
However, it is clear that the complexity of policy making and policy negotiation is such
that no analytical method can replace the political debate and its dynamics. Also, in a
multi-actor context there are concerns, goals and agendas which are never completely
explicit. This is what makes the process rich and interesting. This also implies limits to the
analysis, which need to be clearly recognised. The DTCS approach is first of all a
systematic way of thinking about conflicts, which helps understanding conflicts, their
causes and implications. This can be used to provide meaningful suggestions to support
the policy making process, the complexity of which, however, cannot be fully grasped by
any analytical scheme.
Structure of the report
This report is organised in three parts. In part 1(framework), Chapter 1 illustrates the
policy framework, focusing on the relationship between mobility, sustainability,
competitiveness and cohesion in EU transport policies. Chapter 2 analyses the evaluation
framework and the spatial dimension of transport policies. It introduces the definition of
conflict used in the report and the concept of policy units.
Part 2 contains the methodology developed in the DTCS project. Chapter 3 offers an
overview of the methodology and of all its components. Chapter 4 concentrates on the
assessment and evaluation of policy options from the perspective of a single policy unit.
Chapter 5 addresses the sensitivity of policy evaluation to several types of uncertainty.
Chapter 6 focuses on conflicts and on the use of conflict indices to identify and measure
conflicts between units. It also discusses the use of these results to support conflict
management and negotiation. Chapter 7 describes in detail the example used in this
summary, and illustrates all components of the DTCS methodology.
Part 3 of the report describes the four case studies. Chapter 8 offers an overview of the
cases and the focus of the analysis in each case. Chapter 9 describes the use of DTCS to
support the choice of the route and of the location of stations for the CTRL rail link, which
will connect London to the Channel Tunnel. Chapter 10 concerns the Betuweroute freight
railway in the Netherlands, and the conflicts between national, regional and local
authorities on the corridor decision. Chapter 11 illustrates the use of DTCS for the
reorganisation of the public bus network in Lombardy (Italy). Chapter 12 discusses the
reorganisation of the road network in the Lisbon metropolitan region, and the use of DTCS
to allocate investments to road schemes. A prototype software, developed to support the
DTCS methodology, is described in Chapter 13.
A non-technical summary of the full report, with a detailed analysis of the results of the
project and of their scientific and policy relevance, is provided in Chapter 14.
Part 4 of the report contains technical appendices and background topics.
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1. Transport policies and spatial conflicts: policy
framework
Roger Vickerman
Centre for European, Regional and Transport Economics
University of Kent at Canterbury, Canterbury, UK
1.1 Introduction
Decisions concerning transport projects are undertaken within the framework of policy.
This policy framework is established at various levels, from the local through regional and
national to the EU level, and indeed beyond with the commitment to world environmental
targets following the Rio and Kyoto meetings. Transport is also affected by policy
decisions in many areas other than transport, such as the general environment, general
economic policy and specific policies such as those relating to competition, to physical
planning etc.
Transport policy has become a major areas of interest for the EU during the 1990s with a
number of major policy statements and discussion papers as well as a specific interest in
the development of particular policy instruments such as the Trans-European Networks
(TEN, Commission of the European Communities, 1993). The case studies in the DTCS
project reflect this range of concerns, with cases representing both the TENs (the Channel
Tunnel Rail Link and the Betuweroute) and local policy for both roads (Lisbon
Metropolitan Area) and public transport (Lombardy bus service). All of these cases
involve issues relating to both of the key recent debates on “fair and efficient pricing” and
on the provision of accessible “citizen’s networks”.
Out of the transport debate, four key themes can be identified which are used to organise
the discussion in this chapter. These relate to mobility, competitiveness, cohesion and
sustainability. Much of the debate over TENs has focused on competitiveness and
cohesion. Although competitiveness and cohesion have been the driving forces justifying
expenditure on transport, they are not in themselves clear objectives of policy for the
transport sector. In some sense they have hijacked transport policy for wider economic
objectives, though without a clear specification of how that linkage works. In contrast the
objectives of transport policy, at both national and European levels, have become more
concerned with questions of mobility and sustainability. Mobility expresses the concern
with the benefits to the users of transport. Sustainability expresses concern with the
impacts which a given level of transport has on the performance of the economy and the
external costs imposed on the environment.
In the following section we outline the way these four objectives of mobility,
competitiveness, cohesion and sustainability relate to one another and the wider economy
and environment. We then use these ideas to examine the ways in which conflicts arise
from incompatibilities in these policy goals, especially incompatibilities between different
policy units at both the same and different levels in the policy making hierarchy.
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1.2 Mobility, sustainability, competitiveness and cohesion: an
irreconcilable quartet?
These four themes: sustainability, mobility, competitiveness and cohesion, involve issues
of policy objectives which are difficult to reconcile.
1.2.1 Mobility
Mobility is frequently used as a measure of welfare. The evidence shows us that increased
wealth has brought increased mobility. We tend to assume therefore that increased
mobility implies increased welfare. But is mobility sustainable where it has the effect of
both damaging the environment and damaging the workings of spatial markets (e.g. labour
markets)? This has implications for the perceived need to equalise mobility as an objective
of policy. EU policy documents demonstrate the inequalities in mobility across regions
(European Commission, 1992) and highlight inequalities in infrastructure as a factor in this
(European Commission, 1994b). This has particular, and worrying, implications for poorer
peripheral regions of the EU and for the Central and Eastern European Countries
(Vickerman, 1996). Should it be a clear objective to provide improvements in
infrastructure to some “acceptable” level of provision in order to achieve greater equality
in mobility? Alternatively, should we try and separate out the “right to mobility” from its
assumed monotonic relationship with welfare on the one hand, and its determination by
accessibility on the other?
1.2.2 Sustainability
Sustainability is an ambiguous concept. Sustainable transport could just mean
environmentally acceptable. On the other hand, sustainable transport could be argued to be
the optimal transport system which supports a sustainable level of development in an
economy. Transport cannot be sustainable in itself, only with respect to its role in the
sustainability of the wider economy. That sustainability includes the impact of changes in
transport on the economy’s sustainability.
1.2.3 Competitiveness
Competitiveness relates to the production side of the economy as mobility does to
consumption. This concerns the role of transport in achieving reductions in the costs of
industry in such a way as to promote the competitiveness of European industry and hence
economic growth. Much of the TEN programme, for example, was promoted on the basis
of its role in increasing competitiveness, not just through the long term influence on
production costs, but also through the short run creation of employment through
infrastructure investment (e.g. European Commission, 1994a). Here there is a real
international issue concerning trans-Atlantic comparisons since EU policy towards
competitiveness could imply a move towards either a more projectionist stance or a more
open stance in external trade policy. In the past transport has often been used as a covert
way of assisting industry - a practice which the EU Common Transport Policy has sought
to remove within the Union - this involves both internal and external transport markets. An
important debate has emerged on the role of both infrastructure (e.g. Biehl, 1991;
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Aschauer, 1990) and transport (e.g. Krugman, 1991) in the economy at large, which needs
greater understanding and treatment of the microeconomics of both to be properly
understood (Gramlich, 1994, Quinet and Vickerman, 1997).
1.2.4 Cohesion
Cohesion relates to the reductions in regional disparities arising through an equalisation of
transport provision and accessibility. Much of this has focused on inter-regional cohesion.
However, the presumption that investment in infrastructure leads to genuine increases in
accessibility, which automatically leas to reductions in income disparities, has to be
questioned on both theoretical and empirical grounds (Vickerman et al., 1998). Intra-
regional cohesion also raises important questions. Emphasis on the development of
improved high level networks has frequently diverted attention from the question of
accessibility to such networks which can lead to areas of poor overall accessibility within
otherwise well connected regions. The Citizens’ Network concept emerging from the
European Commission (1995) starts to address this issue, but the clear message is the
failure of understanding the way complete multi-modal networks operate.
1.2.5 Relationship between mobility, sustainability, competitiveness and
cohesion
Figure 1.1 is an attempt to express the relationships between these four concepts. The
transport sector itself is shown as involving an interaction between infrastructure, mobility
and competitiveness.
Environment
Sustainability
   Economic
Development Cohesion/
Exclusion
Infrastructure
Mobility Competitive-
ness
Transport Sector
      Policy
   Framework
Growth Substitution
Figure 1.1. The role of transport in the economy - a schematic approach.
Infrastructure is largely an input to the production of mobility and an efficient transport
system. Mobility, by itself, generates economic development, both through individual
mobility and the movement of goods. The efficiency of the transport system, for a given
level of mobility, promotes competitiveness in the transport using industries. We are here
just concerned with the effects of transport on competitiveness and thus have treated it as
part of the transport system. We also recognise that there is an important role of the policy
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framework, which establishes the way in which infrastructure and transport services are
financed and provided.
The transport sector is shown as having direct impacts on the environment, for example
infrastructure (whatever its level of usage) will have impacts on landscape, wildlife,
ground water etc. Other effects depend on the usage of that infrastructure which is filtered
through the way the economy uses transport. We have shown the economic development
impacts as involving two elements, growth and substitution. Economic growth arises for
many reasons. It is probably misleading to make too strong a claim for the growth
inducing effects of transport, but it is clear that the lack of efficient transport can act as a
constraint on economic growth. That growth, of itself, induces an increased demand for
transport and this interplay has a strong effect on the sustainability of any level of growth
consistent with maintaining appropriate environmental standards, hence the feedback to
the transport sector and the interaction with the environment through sustainability.
This inter-relationship between sustainability and the environment is not developed in
detail here. As noted above, sustainability is often taken to imply a particular emphasis on
the environment over economic development (and particularly over a narrow measurement
of economic growth). It is important to regard this as a balance between the development
of the economy and its environmental impact. A given level of development could be
achieved with different levels of mobility, different levels of transport provision and
different levels of infrastructure provision and thus have different environmental
consequences.
However, changes in the transport sector can also imply substitution rather than growth.
Substitution can involve the substitution of transport for other factors of production, which
may also involve the substitution of production between one location and another. Cheaper
transport may therefore encourage firms to re-source supplies from more distant locations,
thus the improved efficiency of one business has negative effects on others in the same
area (with environmental consequences in addition). Similarly firms may be encouraged by
cheaper transport to relocate production to regions with, for example, lower labour costs
thus substituting transport for direct labour inputs. On the other hand lower transport costs
may have a stronger effect on market areas leading to increased concentration of
production in core regions.
These substitution impacts may also affect the sustainability of the economy, but in
addition have what we have termed cohesion and exclusion effects. The cohesion
argument is the best known, operating at the more macro regional level with results which
are ambiguous depending on the interplay between the transport costs elements and other
elements. The term exclusion has been more commonly applied at the more micro level to
individuals or social groups, but it is clear that even without any overall impacts on the
degree of cohesion at a regional level, changes in transport provision can have important
impacts on different groups within society. This will lead to exclusion if, for example, the
unemployment of certain types of labour increases, or to inclusion if improved transport
for one purpose leads to better levels of provision and accessibility for all groups. An
example of the latter is where attempts to make local public transport more user friendly in
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order to enhance sustainability where there is strong growth in mobility lead to better
provision for certain disadvantaged groups (e.g. low floor buses).
Once again we expect there to be some feedback on the transport system. Where for
example exclusion and divergence result, the ability of the transport system to provide
efficiency is reduced and this may lead to increased problems. The fall in ridership
experienced by local public transport over many years leads to exclusion which leads to
greater falls in profitable traffic and increased exclusion. Similarly convergence and
cohesion can lead to better levels of provision which provide a renewed level of benefits to
all.
The purpose of this section has been to show the way in which the four principal
objectives inter-relate. This does not mean that they are necessarily in conflict with one
another, but achieving objective levels in all of them may prove more difficult than the way
that policy has traditionally assumed. Perhaps the key concerns relate to the degree of
synergy between mobility and economic growth as primary objectives of policy and those
concerned with the distribution of that development between different groups, different
regions and the environment.
1.3 Impacts and conflicts in policy
Transport policy at the EU level has concentrated particularly on the development of the
European network. This has focused on the TENs, within which there has been a
particular emphasis on rail, and, for passengers, high speed rail. This offers a good
example of some of the problems in defining clear policy impacts and conflicts. On the
surface, the high speed rail network appears to offer a set of characteristics which is likely
to meet most of the policy objectives outlined above: increased capacity and speed
between the major European centres, reduced time penalties faced by peripheral regions,
lower environmental costs than both road and air. This appears to meet all four of the
objectives. A simple measurement of accessibility surfaces based on these improved
timings suggests an immediate gain in both potential competitiveness (lower total transport
costs for business services) and in cohesion (the time-based map of Europe shrinks)
(Spiekermann and Wegener, 1994, 1996).
We need to ask certain questions, however. First, the goal of enhanced mobility raises
certain problems. If reduced time costs for travel between major centres induces more
longer journeys at the expense of shorter journeys this expansion of passenger kilometres
is more difficult to justify on welfare grounds. This is especially the case if the money cost
of travel by new services is subsidised. Such subsidies may be given to rail to correct the
wrong relative prices faced by rail vis a vis road, but if they result in increased travel rather
than mode switching the overall impact may be more costly. Certain environmentalists
have questioned the obsession with high speed rail on this basis (see for example
Whitelegg, 1993), especially to the extent that it is less environmentally efficient than
traditional rail, particularly when the cost of land take for new lines is correctly costed.
This argues that high speed rail is less sustainable than classic rail. Furthermore the
attempts to co-ordinate high speed rail and air travel through new lines serving major
airports in a number of cities, can be argued to exacerbate this problem.
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A pure sustainable transport policy would aim to co-ordinate transport provision with
activity location in order to minimise the level of mobility needed to achieve a given level
of welfare, instead of which we have tended to use mobility as an indicator of welfare.
There is for example evidence (reported in Goodwin, 1994) that the total time spent
travelling by individuals in the course of a year has remained roughly constant over the
past 50 years despite the increase in the time efficiency of transport. People travel further
in the course of work, to and from work, and for recreation and pleasure. The arrival of
telecommunications instead of substituting for travel enables people to organise their
journeys more efficiently and thus travel even further. This fundamental question has been
seriously overlooked in current transport policy which still too often takes activity locations
as given and fails to allow for the way individuals’ preferences may cause an improvement
in transport to change those activity patterns.
If this is correct then the claims regarding competitiveness and cohesion also require some
close examination. Instead of reducing overall transport costs, the improvements to
transport, may be increasing the so-called transport intensity of the economy. This concept
of transport intensity is an interesting concept, but extremely difficult to specify. The term
has been borrowed from work on energy where concerns were expressed about economic
growth leading to increases in the amount of energy needed to produce each unit of output.
The same idea has been applied to transport (see, Peake, 1994), but here the lack of a
common unit of account with which to aggregate different types of transport poses a major
problem. It may be that the concept is not workable in terms of producing a measure for
use as a policy objective. Nevertheless there is clear evidence that the growth of road
transport in terms of passenger kilometres and tonne kilometres has been faster in most
European countries than the growth in GDP in recent years.
As well as difficulties with competitiveness, there are also some questions to be raised
about cohesion. This is best illustrated by reference to the development of accessibility
indices. If accessibility is related to continuous space rather than the discrete regions which
are typically used we can observe two key characteristics (Vickerman et al. 1998). First,
there is by most measures a continuing concentration of accessibility into the core
economic regions of Europe at the expense of the periphery. Secondly, within all regions
there is an increasing divergence between the accessibility gains of the key centres and
those of their hinterlands. Of course, we must be careful not to confuse accessibility
changes with changes in GDP or welfare, but we do have to be careful of using indices
that suggest major gains for certain regions, but ignore the costs to others. The “shrinking
Europe” effect may be in reality a “fragmenting Europe” in which the greater cohesion of
the major metropolitan areas is bought at the cost of the increasing exclusion of the rest.
The multi-speed Europe is not of simple geographical areas of core, intermediate and
peripheral regions, but of major metropolitan areas, middle sized cities, small towns and
rural areas, more of a patchwork. The discussion of this section is summarised in Table
1.1.
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Table 1.1. Summary impacts of TENs on major transport policy objectives.
Positive Negative
Mobility Faster speeds enhance mobilityEncourages unnecessary journeys
or longer journeys
Competitiveness Faster speeds reduce travel costsCost of new infrastructure imposes
excessive burden on providers
Sustainability Induces substitution from less
sustainable modes
Construction of new infrastructure
destructive of natural
environments, plus noise etc.
Cohesion Faster speeds reduce peripheralityFaster speeds increase the
centralisation of activity into the
major nodes served
1.4 Spatial conflicts in transport planning
The key issue is the way in which policy objectives impact at a local level, especially
where there are local consequences of decisions to implement high level infrastructures
such as TENs. However, lower level decisions can also involve clear spatial conflicts. In
Figure 2 we outline ways in which policy and decision making at different levels interact.
The structure outlined in Figure 1.2 proposes a system where there are policy units1,
bodies which can take decisions, at four different levels, supra-national (EU), national,
regional and local.
EUROPEAN
UNION
 OTHER
EUROPEAN
ORGANISATIONS
NATIONAL
GOVERNMENT
OTHER
NATIONAL
ORGANISATIONS
REGIONAL
GOVERNMENT
A
REGIONAL
GOVERNMENT
B
OTHER REGIONAL
LEVEL
ORGANISATIONS
LOCAL
GOVERNMENT
1
LOCAL
GOVERNMENT
2
LOCAL
GOVERNMENT
3
OTHER LOCAL
ORGANISATIONS
Supranational level
National level
Regional Level
Local level
Figure 1.2. Structure of policy units.
                                                  
1 Policy units are defined in Chapter 2.
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These policy units can include both the elected governmental bodies at each level and,
parallel to these, sets of other representative bodies which are either involved directly in
the decision making process or have influence over decision taken. These can include
important planning and environmental advisory bodies and the operators of transport
services. Each of these policy units will take decisions regarding transport policy or
projects for its own area of responsibility. In some cases bodies at different levels are
limited in their powers by bodies at other levels, e.g. local government typically operates
within a statutory framework determined by national government and most operational
transport policy decisions are vested at national rather than EU level by the principle of
subsidiarity.
Conflicts arise between these levels by virtue of both value and impact conflicts. A
particular policy may be selected because of its perceived national benefits, but may
impose negative impacts on the local areas on which it directly impacts. Even where there
is not a negative impact, residents in one area may perceive a negative effect because of
different values placed on certain environmental factors. A good example of the latter is
the very different values placed on noise in different environments such that the same noise
impact is valued very differently according to where it occurs and by different groups of
individuals.
Conflicts can also arise horizontally between authorities at the same level of government
(e.g. between national governments over the routing of a new line either side of a national
frontier, between local governments over route details for new projects). Here the conflict
does not arise so much as part of the decision making process where one body has the
right to take a decision which it can impose on another body by virtue of some hierarchical
assignment of powers, but rather because one body takes a decision which has a direct
impact on another whose interest it specifically does not consider. This type of behaviour
is typically for transport projects characterised as NIMBY behaviour in which one group
tries to ensure that the negative impacts are felt by anybody but itself. However, it can also
work in reverse where one area seeks a new road, an interchange or a station in its
jurisdiction because of the perceived improvements to accessibility and business interests
which this will bring.
The hierarchical structure in Figure 1.2 is a good way of representing the various
dimensions of conflict which can arise in policy making and implementation. Because
there is such a hierarchical structure, it does not make it inevitable that conflict will occur.
The typical source of conflict is equivalent to the recognition of negative externalities, but
externalities can also be positive and furthermore a complex hierarchical-network
structure, where there is more than one policy unit at each level, can give rise to altruistic
or coalescent behaviour by such policy units. Such coalitions may occur both within a
given level of decision making and between levels. The idea here is that concerns
expressed by other policy units may have a direct impact on the values and the decision of
a different policy unit referred to as its out ide decision context. Examples of this are the
impact effect of recognising that it may be superior to have an interchange or new station
in the neighbouring authority to not at all, a type of second best decision, or the wish to
support another policy unit in its fight on a particular issue in order to establish a set of
rules, compensation criteria etc. which could be of long term benefit to other policy units.
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Where such coalitions or altruistic behaviour occurs it is termed the ou side ecision
context of the decision, in contrast to the inside decision context of the policy unit’s own
decision making (see Appendix 1). F gure1.2 shows two possible sets of outside decision
contexts. One of these includes the two local government authorities 1 and 2, the other
involves local governments 2 and 3 together with regional authority B. This is to illustrate
that coalitions can occur both horizontally and vertically and can involve coalitions outside
the direct line of the hierarchical organisation. This may be particularly the case where one
of the local authorities is at the boundary between two regions.
1.5 Spatial conflicts in the policy framework
One of the purposes of the case studies in this project is to demonstrate the ways in which
the articulation of policy by each policy unit and the problem in clearly ascribing specific
policy objectives to specific policy units together cause conflict in transport planning.
If an attempt is made to identify the various policy objectives and concerns with policy
units at different levels, a further problem arises, that the articulation of policy at the
European Union (TEN) level is actually very poor. Thus national, regional and local
governments can identify very specific concerns and advantages associated with a
particular scheme. This scheme is identified as part of a transport TEN and thus has clear
impacts on competitiveness and cohesion, but these are difficult to incorporate in the
matrix of outcomes and there is little or no direct involvement of the EU dimension in the
final decisions.
Many of the benefits associated with the development of TENs occur at the supranational
or national levels, many of the costs accrue at the local or regional level. Thus the Channel
Tunnel Rail Link in the UK (see Chapter 9) and Betuweroute railway in the Netherlands
(see Chapter 10) proffer direct benefits to either international travellers or freight passing
through the regions under study and indirect benefits to more distant regions through
reduced travel times and national economies as a whole through a shift to more
environmentally friendly means of transport. The costs are borne by the region and the
communities through which the new lines pass. Direct costs such as noise and disruption
are partially balanced by access to the line, but there are little clear signs of indirect
benefits from increased economic activity given the competition with other regions better
placed to take advantage of these (see Vickerman, 1997; Norman and Vickerman, 1998).
These cases show that the assumption of a policy making role by one level of policy unit
may impose serious costs leading to conflict on both higher and lower levels of policy unit.
In addition, the articulation of policy at higher levels needs to be clear and precise to avoid
misinterpretation at lower levels. In particular it is the case that the articulation of policy at
the EU, level is frequently too imprecise to be correctly interpreted by lower levels leading
to conflicts between these lower levels which the EU level is not capable of resolving. This
arises, for example, where a TEN is planned. This produces a clear expectation of an EU
level of interest, but one which the EU level is not capable of expressing clearly in a way
which can be interpreted and evaluated by other policy units or stakeholders.
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2. Transport policies and spatial conflicts: evaluation
framework
Euro Beinat
Institute for Environmental Studies, Vrije Universiteit, Amsterdam
2.1 Analysis of the decision process
The traditional literature on decision analysis describes decision processes with an analogy
to problem solving. This involves five general steps: (1) problem recognition and
definition; (2) goals specification; (3) generation (or screening) of alternatives; (4)
evaluation and selection of alternatives; and (5) implementation (see Hamilton and Parker,
1993). This view of the decision process as a rational, orderly step-wise procedure is
particularly suitable when the problem can be defined unambiguously and when the goals
to be reached can be spelled out clearly. Problems with these characteristics are frequent
in engineering and technical application but there are dozens of accounts of applications in
other fields such as managerial decisions (cf. Mintzberg et al., 1976; Nutt, 1984),
environmental decisions (cf. Janssen, 1992), and resource management (cf. Geogopoulou
et al.  1997).
Characteristics of this approach is that the current and desired states of a system can be
identified and alternative ways to reduce the difference between these states can be
designed. A “best” way is then selected based on explicit criteria, such as economic or
feasibility criteria. “The belief that real-world problems can be formulated in this way is
the distinguishing characteristic of all “hard” system thinking” (Checkland, 1993, p. 138).
In the recent past, many authors questioned the applicability of this paradigm of analysis
for a class of problems labelled as soft(cf. Khisty, 1997). In soft problems:
· There is no definite, unique and clear-cut formulation of a decision problem ahead of
the analysis.
· There is no stopping-rule, in the sense that there is no obvious end to the search of
better, more suitable solutions.
· Solutions are not true or optimum, but rather acceptable, good, suitable, etc. to those
who are involved in the policy making process.
Many important real-world cases, including cases of transport planning, have these
characteristics. They are complicated by the need to consider multiple issues and their
relationship simultaneously (social, economic and environmental aspects) which
obfuscates a clear-cut definition of the problem. There is also the need to consider a
multiplicity of perceptions and interests differently held by multiple actors (cf. Allor,
1991), which makes it difficult to even define optimality. Finding a suitable problem
description and reaching an agreement on how to address the problem thus becomes a
substantial part of the whole process.
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Checkland (1993, p191) maintains that “…In contrast to other types of systems, human
activity systems can never be described (or “modelled”) in a single account which will be
either generally acceptable or sufficient. For a system of this kind there may well be as
many descriptions of it as there are people who are not completely indifferent to it. This is
the characteristics of the real world which forces the methodology to become a means of
organising discussion, debate, and argument rather than a means of engineering efficient
solutions”.
Khisty (1997) proposes to describe the decision making process as a learning cycle.
Within this cycle there are four main characteristic phases: opening up (identifying
problems and/or opportunities); thinking (understanding the framework for action);
converging (exploring possible solutions); and doing (modifying the agenda or putting in
practice policy measures). A policy measure, a decision in general, when it emerges as a
deliberate response to a perceived problem (opportunity), is the result of several loops
within the learning cycle which eventually crystallises into a consensus response and an
agreement for action.
For decisions close to the political sphere, Lindblom and Woodhouse (1993) point out that
the policy making process resembles a “primeval soup” rather than a rational process. In
their view it is inaccurate to assume that there are recognition-evaluation-decision steps
separate from each other and with distinctive inputs and outputs. A policy may emerge as
a political compromise between political participants, rather than as the result of a rational
evaluation. Also, policy implementation brings new problems in the agenda, changing the
agenda itself. Policies may also emerge without decision, as the result of no action; they
may be a by-product of other actions, or emerge gradually and imperceptibly. “Deliberate,
orderly steps therefore are not an accurate portrayal of how the policy process actually
works. Policy making is, instead, a complex interactive process without beginning or end”
(Lindblom and Woodhouse, 1993; p 11).
Various proposals have been made in the literature to address soft problems. An example
is the development of the so called “soft methods”. Rosenhead (1989) offers an overview
of six approaches: Cognitive mapping, Soft Systems Methodology, Strategic Choice,
Robustness analysis, Metagame analysis and Hypergame analysis. Their common
characteristics are that they:
· aim at structuring unstructured situations instead of offering solutions for well
structured problems;
· focus on participation of decision actors and on facilitating communication;
· provide support for assessing solution from multiple perspectives instead of searching
the optimum solution under a given perspective.
These approaches are meant to supplement, not replace, more traditional decision aid
tools. Belton et al. (1997) illustrate the integration of structuring tools (Cognitive maps, in
particular) with more traditional multicriteria analysis to develop a strategic plan for a
hospital trust in the UK. Although structuring ideally precedes evaluation, the study
highlights a learning cycle and an alternation of activities similar to Khisty’s scheme. Also,
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the study emphasises that facilitating the process is an added value in itself, in addition to
the support for the search of a suitable solution.
This evolution of paradigms of analysis is described by Rosenhead (1989), who compares
traditional2 with new approaches (Table 2.1).
Table 2.1. Evolution of paradigms (adapted from Rosenhead, 1989; p 12).
From traditional To new
Problem formulation in terms of a single
objective; optimisation
Seek for alternative solutions which are
acceptable on separate dimensions
Large data demands; problems of availability,
credibility
Integration of hard and soft data and social
judgements
Scientisation and depoliticisation Simplicity and transparency; clarification of
the terms of conflicts
People as passive objects People as active subjects
Top-down decisions; hierarchical chain of
command
Facilitates planning from bottom-up
Attempts to minimise the effects of future
uncertainty
Accepts uncertainty and keeps options open
for the future
There is also a growing recognition of the limits of decision analysis applied to the policy
making process. Roy (1990) points out that an analytical  decision aid model, perhaps
incomplete and approximate, should be solely meant to shed light into a decision and
favour the coherence between the actor’ behaviour and their values. Lindblom and
Woodhouse (1993, p.78) maintain that “..it often proves too time consuming or otherwise
impossible to choose conclusively among competing policy options on the basis of analysis
alone. When that occurs, some interactive procedure for political decision making must be
employed to reach judgement”.
                                                  
2 Economics approaches to project/plan/policy evaluation, for instance, are among the more
traditional paradigms. Benefit-cost analysis (BCA; cf. Dixon et al. 1995) supports the search
for the most efficient allocation of resources across alternative possibilities (single objective;
optimisation). When applied to social or environmental impacts it requires the monetisation of
non-monetary goods (large data demands, problems of availability). Individual preferences are
assumed to be reflected in market prices (scientisation and depoliticisation). Also, when people
is directly involved, such as in contingent valuation methods, they act as information providers
and not as decision actors (people as passive objects; see Nardini, 1998). BCA is particularly
suitable to streamline public investments and decision on resource allocation (top-down
decisions)
Economics approaches to conflict resolution are also amongst the more traditional paradigms.
The essence of this approach to is to use the tradability of the factors leading to conflict to
effect a market based solution. The advantage of this approach is that it produces a clear
optimal level of the conflict generating activity and the welfare gains associated with reaching
that level. An overview of conflict analysis in economics and the relationship with the
methodology in this report is provided in Appendix 2.
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2.2 Cooperative decision processes
Cooperative decision processes emerge as the response to the difficulties associated to top-
down decisions, which disregard interests and inputs of many relevant actors. This may
produce consequences, such as.
· Interruption of the evaluation process, delays and cost increases. The Betuweroute
railway in the Netherlands was decided at the national level to meet national goals.
Regional and local administrations and stakeholders were involved after the strategic
decision was made. This resulted in strong opposition to the project, which was
eventually approved after lengthy negotiations and design changes which more than
tripled the initial costs. (This case study is described in Chapter 10 of this report.)
· Revision of the policy measures. The Dutch law on soil clean-up required polluted sites
to be cleaned-up to respect strict environmental standards. The high costs imposed on
the industrial sector resulted in a limited compliance pool and to the remediation of
fewer sites than needed. The policy is currently under revision to take into account a
wider spectrum of interests and to find a reasonable balance between environmental
quality and costs of remediation (cf. Beinat and Nijkamp, 1998).
· Withdrawal of the policy proposal. In 1995, an Italian multinational planned to locate a
large industrial plant in a bay near the gulf of Trieste. Insufficient communication
between the company and the opponents, and poor recognition of the different interests
involved, produced an escalation of the conflict and resulted into a strong confrontation.
The heated debate was resolved by a referendum, which crystallised the positions and
made it impossible to seek for a win-win solution. The project was eventually
withdrawn (http://www.cyberqual.it/noterminal).
· Resistance to implement goal-conforming actions. Climate-change protocols and
international agreements are negotiated between representatives of national
governments. Agreements which do not reflect the real interests of the signing parties
result into resistance to implement goal-conforming actions. This makes it difficult to
reach the agreed goals and meet the environmental standards which could slow down
global change (cf., Gupta, 1997)
Co-decisions, or cooperative decision process, are seen as a possibility to prevent these
outcomes. Cooperative decision process are characterised by:
· The open recognition of the role and interests of multiple actors (decision makers,
stakeholders, interest groups, etc.)
· The awareness that the view of other actors cannot be disregarded and that a decision
cannot be imposed by an actor on the others without adverse consequences for the
whole group.
· A positive engagement of all participants in the search for a solution which is
“acceptable” for the individuals and the group.
· A procedure, agreed between actors, which streamlines the interaction between
participants.
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Co-decision processes usually share one or more of the following goals3:
· to improve the quality and accuracy of the decision by introducing the information and
viewpoints of multiple actors;
· to increase the acceptability of the decision and thus the possibility of goal conforming
action;
· to improve communication between actors and minimise the chance of information
misuse and misinterpretation;
· to reduce the resistance to change and increase the commitment to the decision;
· to reduce the hostility between actors;
· to diffuse the responsibilities and reduce the risks for individual actors (which is
important when the policy measure is unpopular or unpleasant; cf. Hamilton and
Parker, 1993).
2.3 Conflicts
2.3.1 Cooperation and competition
Conflicts naturally emerge in multiactor contexts. Managing conflicts and providing
support for their resolution is a fundamental activity to reach a satisfactory output in a co-
decision environment. There is no universal definition of conflict4. Bogetoft and Pruzan
(1991) distinguish between intra-personal and interpersonal conflicts. Intra-personal
conflicts refer to the need, in most cases, to accept poorer results in some areas in order to
achieve better results for others. An intra-personal conflict occurs when none of the
possible choices available to an individual is best on all counts. Interpersonal conflicts (the
focus of this report) occur when individuals disagree on a course of action: what’s bests
(or good, or acceptable) for someone is not such for someone else.
A widely used definition of conflict is that of Deutsch (1973): conflicts are the result of
“incompatible activities; one person’s actions interfere, obstruct or in some way get in the
way of another’s action” (Tjosvold, 1997). Conflicts emerge because of two fundamental
motivations: cooperation (an actor has an interest in its own welfare as well as in that of
the other actors) and competitive (an actor is interested in doing as well as possible for
itself, and better than the others) (Deutsch, 1994). The cooperative motive is the incentive
                                                  
3 The terms stakeholder analysis could be used instead of co-decision (see Burgoyne, 1994, for
concepts and definitions; and MacArthur, 1997, for an overview of methods and applications of
stakeholder analysis). The goals of participatory approaches based on stakeholder analysis are
essentially the same of co-decision processes as described here.
4 The word conflict in daily language is associated to a wide spectrum of situations: "A fight,
struggle, or combat; a controversy or quarrel; active opposition; contention; strife or
incompatibility", (Webster dictionary of the English Language, 1972)."A struggle between
opposing forces; battle; opposition between ideas, interests, etc.; controversy; opposition
between two simultaneous but incompatible wishes or drives; sometimes leading to tension",
(Collins Concise Dictionary, 1982)."Antagonism, difference, disagreement, discord, dissension,
friction, hostility, opposition, strife, …" (Collins Paperback Thesaurus, 1990).
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to establish a relationship with another actor and search for a solution which is suitable for
both. The competitive motive is the incentive to exploit a situation at one’s advantage.
The relative strength of these motives dictates the extent to which actors engage in
cooperative or competitive behaviour. Examples of these behaviours are (from Janssen
and van de Vliert, 1996):
Cooperative:
· exchanging information about ones’
goals and preferences;
· being helpful in the exploration conflict
issues;
· emphasise common interests;
· show trust;
· search for solutions which increase
own’s and other’s welfare.
Competitive:
· be secretive about information and
preferences;
· disqualification of the other parties’
intentions and capabilities;
· emphasise opposing interests;
· enhance, rather than diminish power
differences with other actors;
· use threats and coercion.
2.3.2 Factors which cause conflicts
There is a variety of factors which may induce an actor to prefer a course of action which
interferes with that preferred by another actor (that is, which creates a conflict). This
includes (adapted from Bogetoft and Pruzan, 1991):
Value system factors:
· individuals have different values, goals, concerns, objectives, etc.;
· they employ different criteria when representing their objectives;
· they have different preference relations; i.e., even if they are in agreement as to which
values to employ, they are not in agreement as to which course of action is best;
Impact distribution factors:
· even if they have the same underlying values and preferences they are likely to be
affected by different costs and benefits of the action;
· the distribution of costs and benefits is perceived as unequal and unjust;
Uncertainty factors:
· even if they have the same underlying values and preferences they may disagree as to
the likely outcomes of an action and therefore as to which action is best;
· they may hesitate and be uncertain about their priorities;
· there may be insufficient evidence on the expected outcomes of an action or insufficient
understanding of the phenomena involved;
· there may be uncertainty on the related agendas, i.e. on the effects of other decisions
which may follow, or other decisions which may have synergetic effects;
Process factors:
· actors have difficulty in communicating with each other as to their values, objectives,
criteria, preferences and expectations;
· the role played by the actors, and the degree to which they participate and determine the
decision, is not satisfactory for all actors.
The rest of the report will mainly focus on value system factors, impact distribution factors
and uncertainty factors, and address process factors indirectly. Within this framework,
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conflict is defined as “ disagreement between two or more actors on the outcome of the
decision”. This definition requires a precise definition of the term “disagreement” and
“outcome of the decision”. Value function models and conflict analysis methods, as
described in the following chapters, will focus on these two issues. In particular, Chapter 6
will describe different types of preferred outcomes for an actor and different types of
disagreement between actors.
This definition is especially suitable to explore the causes of conflicts. It also implies that
disagreements on individual factors do not necessarily lead to conflicts5. If he preferred
outcome for an actor is identified through a model of preferences, for example a
multicriteria model, then it is possible to establish a link between preferred outcomes and
the factors which determine this preference, such as objectives, concerns, impacts, criteria,
weights. Conflict analysis reveals the reason for conflicts by identifying the influence of
individual factors. This evidence can be used to support conflict management and
negotiation, for instance by supporting the search for solutions which may diminish
disagreement.
2.3.3 Dealing with conflicts
There are five basic strategies for managing conflicts: avoidance, forcing, compromising,
accommodation and problem solving. Figure 2.1 relates strategies with the degree of
concern for people and concern for results (Hamilton and Parker, 1993). The same
relationship can be described in terms of the degree of self-concern and other-concern
(Janssen and van de Vliert, 1996). These strategies include win-lose situations (forcing,
accommodating), lose-lose situations (avoidance and compromise), and win-win situations
(problem solving).
Table 2.2 summarises the characteristics of these strategies. An actors generally applies a
mix of strategies for managing conflicts. The same actor may avoid some issues, search
for a compromise on others, engage in problem solving for others more. Also, an actor
may shift from one strategy to another depending on the behaviour of the other players.
This occurs also in co-decision environments, although some strategies appear more
suitable than others. The objectives of co-decision processes are clearly compatible with
the characteristics of “problem solving” and those of “compromising”. To a lesser extent,
co-decision is also compatible with “accommodation”, especially as a temporary solution.
Co-decision is not compatible with “forcing”, a top-down strategy which requires
cooperation based on power relations, and “avoidance”, which simply prevents the
involvement of parties in the search for a solution.
                                                  
5 Differences between objectives, concerns, weights etc. are not synonyms of conflicts, even if
they may lead to opposition between people (before knowing whether or not these differences
would actually imply different courses of action). Some authors see these aspects as crucial to
conflict management (cf. Suskind, 1987; Nagel and Mills, 1991). They dedicate major attention
to shaping the decision process and to dealing with all dynamic factors that are a source of
disagreement, so that the probability or intensity of disagreement on outcomes are minimised.
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Figure 2.1.  Conflict management strategies (adapted from Hamilton and Parker, 1993
and Janssen and van de Vliert, 1996).
Table 2.2. Characteristics of conflict management strategies (adapted from Hamilton
and Parker, 1993).
Characteristics When to use Shortcomings
Avoidance - concern for neutrality and non-
involvement
- conflicts as negative experience
- closed management style
- issues are trivial
- parties lack sufficient
ommunication skills
- losses of open conflict
outweigh gains
- conflicts are usually
delayed or transferred to
other issues
Accommodation- concern for people: make them
happy
- give in to prevent conflict
- surface harmony is crucial
- hidden management style
- minor issues
- damage to relationship is
costly
- reduce tension and gain
time
- may be only a temporary
solution, incapable of
resolving the issues in
the long run
Forcing - production of results is more
important than people
- conflicts are win-lose situations
- respect for power
- blind management style
- emergency/immediate
decisions
- parties recognise power
relations
- real cause of conflict
remains unsolved;
- conflicts re-emerge if
power relations change
Compromising - equal chance to express opinions
- agreeable solutions are better than
“high-quality” ones
- find solutions everybody can live
with
- open management style
- all parties can gain
- “optimum” solutions are
not necessary
- parties in conflict are
equals
- all parties loose
something; “best”
solution is usually not
reached
Problem solving- production of results and people
are equally important
- conflicts as creative forces
- willingness to spend time and
resources on reaching solution
- open management style (all cards
on the table)
- parties are skilled
problem-solvers
- misunderstandings and
miscommunication are
cause of conflicts
- there are common goals
to be achieved
- requires time and
resources
- requires a positive
engagement of people
Empirical research (Janssen and van de Vliert, 1996) relates the competition/cooperation
motives, to conflict escalation/de-escalation, and the degree to which actors focus on their
own concerns/other’s concerns. Competitive and cooperative behaviour are positively
linked to the escalation and de-escalation of conflicts. A cooperative attitude can serve to
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de-escalate a conflict, to increase trust between parties and strengthen the commitment for
the search of a mutually beneficial solution. In turn, de-escalation serves to strengthen the
cooperation attitude. The opposite holds for a competitive behaviour: escalation produces a
negative attitude towards each other, distrust in the usefulness of the relationship, and an
increase of the unsettled issues. In turn, competition favours escalation of conflict. In
general, “accommodating and problem solving are found to provide more de-escalative
and less escalative effects than avoiding and forcing” (Janssen and van de Vliert, 1996;
p.104).
The research shows also that strong and weak other-concern are related to de-escalation
and escalation, respectively. De-escalation is favoured by a strong other-concern. The
corresponding strategies range from accommodation to problem solving. A weak other-
concern favours conflict escalation and is associated to behaviours ranging from avoiding
to forcing.
De-escalation, cooperation and strong other-concern are thus positively linked (Figure
2.2). Promoting the recognition of other-concern is a meaningful effort to de-escalate
conflicts and favour strategies compatible with co-decision.
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Figure 2.2.  Conflict behaviour as a function of self-concern and other-concern and
compatibility with co-decision processes (adapted from Janssen and van de
Vliert, 1996, page 102, Figure 1).
2.4 Spatial conflicts
2.4.1 Location, scale and conflicts
Transport policies, spatial decision problems in general, are characterised by a location and
a scale dimensions. The effects of a transport policy are usually spread over large areas.
Land features, socio-economic conditions, and needs and expectations of people change at
different locations.
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The locations dimension refers to the fact that the impacts of a policy affect areas with
different characteristics: the same benefit or cost of the policy is evaluated differently
depending on where it occurs. Benefits and costs are also unevenly spread across space,
resulting into areas which benefit more, or suffer higher costs, than others from the same
policy.
The scale dimension indicates that different evidence is appropriate for evaluation at
different scales. The national consequences of large infrastructure are addressed, for
instance, in terms of accessibility of core regions, GNP increase, changes in green-house
gas emissions, or modification of the landscape structure. At the local level, the same
infrastructure will cause, for instance, noise pollution and housing relocation. Even if the
same type of impact is important at various scales (for example, landscape), scale
dependent features emerges. For instance, the changes in landscape structure are better
appraised at a large scale, while visual intrusion is meaningful at a local scale.
The factors which cause conflicts in spatial problems are related to the scale and location
dimensions (cf. the list of conflict factors in Section 2.3.2):
1. Value system factors. Goals, concerns, objectives, criteria and preference relations
change at different locations (e.g., the different strategic development plans of different
regions) and depend on the scale selected for the evaluation (e.g., national, regional,
local).
2. Impact distribution factors. Benefits and costs of the policy change at different locations
and their balance may be scale dependent (e.g., a policy is attractive globally but may
entail severe costs locally).
3. Uncertainty factors. Uncertainty on the benefits and costs changes at different locations
depending on the impact considered (e.g., at the local level there may be a clear noise
impacts, but an uncertain regeneration capacity) and on the scale considered (e.g.,
accurate job estimates at the national level, uncertain regional distribution).
2.4.2 Actors in spatial policies: policy units
Spatial conflicts occur between actors associated to a spatial domain. To detect conflicts in
their spatial dimension it is useful to introduce the concept of policy units, which are the
smallest entities between which spatial conflicts can be detected. A policy unit is an area
linked to an evaluation perspective, such as a national, regional or local evaluation
perspectives. Conflicts arise between policy units when their preferred decision outcomes
do not coincide.
Within a unit several actors usually coexist. If they share the same perspective, for the sake
of conflict analysis they can be considered as a single actor. If actors within a unit do not
share the same point of view, conflicts may arise both between units and within the actors
in a units. Also, conflicts may emerge between actors which have no clear spatial
association. The analytical tools for conflict analysis remain essentially the same in all
these cases. However, the spatial dimension of conflicts (and it relationship with the scale
and location dimensions) is clear only when a unit corresponds to an area. As such, a
policy unit becomes a device to introduce the spatial dimension in conflict analysis.
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A spatial policy unit is defined by a spatial domain and a group of policy actors who share
the same values or stand for the achievement of the same objectives. Policy units can be:
1. administrative areas (e.g., nations, regions, provinces, counties, boroughs, etc.);
2. groups of administrative areas which make-up a collective body which represents
shared interests (e.g. the Lisbon Metropolitan Authority, composed by all the
municipalities in the Lisbon metropolitan area);
3. areas which cuts across administrative borders and which are uniform for policy
purposes (e.g. a protected area, a river basin).
The spatial component of a policy unit often originates from the hierarchical structure of
geopolitical areas. In the simplest case, the policy units involved in a decision are
hierarchically organised. In general, units are organised in a network which combines
hierarchical relationships and other types of spatial coalition and combinations. Figure 2.3
shows an example of a mixed structure which refers to a set of possible policy units
involved in the routing decision of the Betuweroute railway (cf. Drunen et al., 1997).
Some units are hierarchically organised, while others are coalitions of units at different
levels, and units which cross through several administrative borders. In this case there is
no one-to-one correspondence between administrative regions and policy units. Also,
different sets of policy units can be chosen for the same case, depending on the type of
spatial conflict analysis required. Finally, the set of units is dynamic and may change due
to the formation of coalitions or to the exclusion/inclusion of policy units as a result of
modifications to the policy measures.
National Government
- Transport
- Environment
M1 M2 M12 M13 M27M25 M26
Rijnmond
Coordination
province-
municipalities
……... ….
Gelderse port
Municipalities
Province of South Holland Province of Gerlerland
Figure 2.3. Example of possible policy units to analyse spatial conflicts for the
Betuweroute decision (Drunen et al., 1997).
2.4.3 Co-decision for spatial problems
A theory which systematically addresses spatial conflicts is not available at present.
Rather, there is a set of interdependent theories and methodologies which deal with
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separate aspects of spatial conflicts (cf. among others, Densham, 1991; Armstrong, 1994;
Douven, 1996). Broadly speaking, one recognises three main approaches:
1. Spatial analysis and planning. They are used to seek for the most suitable allocation of
human activities, such as housing and infrastructure, across space (cf. Maguire et al.,
1991). The goal is to affect economy and the environment indirectly, through the spatial
location and distribution of human activities and natural resources. Spatial planning
builds upon spatial concepts, such as integration/segregation of land-uses, spatial
dynamics (e.g., ecosystems have a low dynamics, as opposed to the high dynamics of
transport infrastrcuture), and ecolygical networks. Spatial planning has traditionally
been involved with two basic dimensions: conservation and development (see Lier and
Taylor, 1998). Geographical Information Systems (GIS) play an essential role in this
context due to the amount and complexity of the information needed for spatial
problems.
2. Decision analysis and policy evaluation. Spatial analysis and planning are
multidimensional problems for which there is no obvious optimum solution in isolation
from social preferences and human values. The more traditional planning methods tend
to escape from the softside of the analysis and focus on rational paradigms for spatial
allocation of human activities. More recent approaches emphasise the need to explore
human values and judgements as a means to achieve more realistic planning solutions.
Decision analysis supports the systematic exploration of the value systems of
individuals involved in the decision. It provides methodologies for problem structuring,
value judgement assessment, decision suggestions and sensitivity analysis (cf. among
others Rosenhead, 1989; Keeney, 1992; Vinke, 1992).
3. Organisational and management theory. They focus on the relationship and interaction
between actors in a decision process, including the role of procedures, leadership,
information flows and behavioural effects (Simon, 1991; Hersey and Blanchard, 1988;
Huigen, 1994; Huigen et al., 1993). This becomes crucial when spatial planning
involves multiple actors in a co-operative effort.
Co-decision processes in spatial problems can be referred to as Collaborative Spatial
Decision Support (CSDS; NCGIA, 1996). CSDS builds upon the collaborative motivation
of actors involved a group decision and it is meant to integrate:
· Concepts of organisation theory to improve the communication channels and the
interaction between actors. This provides the framework for cooperation.
· Decision analysis tools, to allow each (spatial) actor to evaluate the policy from his/her
own perspective and to consider the others’ perspective.
· Spatial analysis, planning and GIS, to provide spatial concepts, models and access to
spatial data.
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3. Overview of the DTCS methodology
Euro Beinat
Institute for Environmental Studies, Vrije Universiteit, Amsterdam
3.1 Design of the methodology and outline
The DTCS methodology has three main objectives: (1) to support the assessment of a
policy option and to measure the degree to which a policy action meets the
objectives/concerns of a policy unit; (2) to support the analysis of the differences between
units, the conflicts which can arise between them, and the reason for these conflicts; (3) to
help identifying measures which could support the negotiation and the resolution of
conflicts. The methodology has been designed based on the following requirements:
Multiobjective Allow the analysis of policy options on separate dimensions (e.g.,
mobility, competitiveness, cohesion, sustainability).
Data Combine hard information (e.g., numerical estimates) and soft
information (e.g., judgements, qualitative evidence).
Simplicity/
transparency
Be based on simple principles, easy to understand and communicate.
Participation Make it possible to analyse a policy measure from the multiple
perspectives of multiple policy actors.
Modularity Allow for different levels of use, from a guideline to thinking
systematically about conflicts, to a comprehensive numerical analysis
of conflict intensity.
Uncertainty Address uncertainty for all data and information used at all stages of
the analysis.
Conflicts and
feedback
Support the identification of conflicts and of the factors which cause
conflicts. Use conflict analysis as a “search light” to explore
measures which could reduce conflicts, improve the policy outcomes
and support the design of improved policies.
MultiCriteria Analysis, or MultiCriteria decision Aid (MCA), offers a basis for developing
a methodology which respects these requirements (Beinat, 1997). The aim of multicriteria
analysis has been described in several ways. MCA serves to:
· “help decision makers learn about the problem situation, about their own and others
values and judgements, and through organisation, synthesis and appropriate
presentation of information to guide them in identifying, often through extensive
discussion, a preferred course of action” (Belton, 1990);
· “ suggest - or prescribe - how a decision maker ... should think systematically about
identifying and structuring objectives, about making vexing value trade-offs, and about
balancing various risks” (Keeney and Raiffa, 1976);
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· “provide systematic information on the nature of ...conflicts so as to make the trade off
in complex choice situation more transparent to decision makers” (Nijkamp and
Rietveld, 1986b);
· force people to think deeply about their objectives, concerns and priorities. This helps
the search for innovative solutions and the expansion of individual habitual domains (cf.
also Yu, 1990).
· help the actors understand the issues at stake and analyse the options available in a
systematic way and to search for alternative solutions, which could better satisfy the
objectives/concerns (Keeney, 1992).
·  “provide answers to questions raised by actors involved in a decision process using a
clearly specified model. .... In a multiple criteria approach, the analyst seeks to build
several criteria using several points of views. These points of view represent the
different axes along which the various actors of the decision process, justify, transform
and argue their preferences” (Bouyssou, 1990; cf. Roy, 1985);
MCA has evolved from a mechanism for the selection of the best alternative from a set of
competing options (a traditional approach), to a range of decision aid techniques which
support problem structuring, the exploration of the concerns of decision actors, the
evaluation of alternatives under different perspectives, and the analysis of their robustness
against uncertainty (a new approach). MCA now comprises a wide set of tools but it is
especially a way of approaching complex decision problems. The development of MCA
for spatial problems (cf. Scholten and Stilwell, 1990) make it a suitable basis for
developing a methodology for spatial conflicts.
The DTCS methodology is based on a series of tools, which include the support for:
· structuring the concerns, objectives, etc. of a policy unit;
· measuring the consequences of each policy option for each policy unit;
· assessing the attractiveness of each policy option for each policy unit;
· analysing the differences between units and the conflicts;
· supporting negotiation and conflict resolution.
These tools are meant to support the learning cycle illustrated in F g re 3.1
Analysis from the
perspective of Policy Unit n
Analysis from the
perspective of Policy Unit 1
l i  fr  t
r ti  f li  it 
Conflict analysisfli t l i
Feedback
Policy Optionsli  ti ….
Figure 3.1. The closed loop of the DTCS methodology.
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3.2 The value model
The attractiveness of a policy option for a policy unit depends on many factors, some of
which are hard to detect and to pin down in precise terms. However, it is usually possible
to identify some key aspects which are at the basis of the evaluation perspective of a unit,
such as the main objectives and concerns of the actors involved. The attractiveness of a
policy can then be assessed in terms of the degree to which the policy meets the revealed
objectives, and responds to the revealed concerns. In operational terms, this can be
supported by a multicriteria value function approach (cf. Beinat, 1997; Keeney, 1992; von
Winterfeldt and Edwards, 1986). The method used in DTCS is based on three main
phases, which are not necessarily sequential:
1. A structuring phase (cf. Section 4.2). Structuring means to explore the nature of the
decision problem, to develop a strategy to attach its complexity, to identify the decision
question, and to logically organise the information (facts and values) required to find a
suitable solution. One of the main results of this exercise is the identification of
objectives and concerns of a unit, in close cooperation with the actors involved. Another
outcome is the selection of the impact descriptors which allow the actors to state if the
expected policy outcomes are attractive or unattractive from their perspective.
2. An impact assessment phase. Impact assessment serves to estimate the impacts of a
policy option for a policy unit. Tools for impact analysis are well developed and widely
used (cf. Thérivel and Partidário, 1996; Wathern, 1988). When spatial information is
involved, Geographical Information Systems are usually the platform on which
environmental models are built and impacts calculated (cf. Do ven,1996) However, not all
possible impacts of a policy are of interest for all units. Only those which relate to the
objectives and concerns of a unit are useful to “trigger” the position of that unit1
3. A value analysis phase. The attractiveness of a policy option for a unit depends both on
the stated objectives and concerns of the unit and on the impacts of the policy for the
unit. The value analysis phase serves to state the degree to which individual impacts
meet individual objectives/concerns, and to assess the relative importance of different
objectives/concerns.
Problem structuring and value analysis involve subjective information which belongs to the
value system of the actors in a unit. The results of structuring and value analysis is the
construction of a (simplified) model of the value system of the unit’s actors, called a value
model. The components of the value model for a single unit are shown in Figure 3.2
Different units are associated, in general, to different value models. This may be the result
of differences in any of the components of a value model (such as, different
concerns/objectives, descriptors, value functions, weights). In such a case, the same
                                                  
1 Structuring and impact analysis are strongly interrelated. Some objectives/concerns may
emerge only because some specific impacts are expected to occur. They may be even
“discovered” during the analysis, in the sense that they were not considered as a general trait of
the evaluator’s perspective. At the same time, impacts are the identity card of a policy option
only if they relate to the objectives/concerns of somebody (an individual, organization, or even
society in general) (cf. Chapter 4).
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analysis of Figure 3.2 should be performed for the other units as well. In general, the value
models of different units partly (sometimes totally) overlap.
11
1.  Capacity       0.36
     Nox 0.36
2.  Cost 0.16
3.  Travel time 0.06
     Landscape 0.06
Rank order    Overall value
1. Train 0.82
2. 2.Lane  0.50
3. Highway  0.27   
STRUCTURING
High.   2. lanes  Train.
Cost   1.00      0.83     0.00
Travel time   1.00      0.83     0.67
Capacity   0.50      0.00     1.00
NOx   0.00      0.28     1.00
Landscape   0.00      0.17     0.33
The value tree The alternatives
The impacts
Value functions
Actors
in
the unit
Weights
The relative weights
of individual concerns Partial attractiveness:
the attractiveness
of individual impacts 
(1=best)
Weighted aggregation
The overall attractiveness
of policy options
Train
2lanes
High.
IMPACT
ASSESSMENT
A policy unit
Area of concern Individual Descriptors High. 2lanes Train
concerns
Economic Cost Total costs (Mln$) 200 250 500
effects AccessibilityTravel time (---/+++) +++ ++ +
Capacity Passengers (mln/km/yr) 30 20 40
Environmental Pollution NOx emissions(tons/yr) 1000 750 100
impacts Landscape Visual quality (---/+++) --- -- -
VALUE ANALYSIS
Figure 3.2. Example of value model applied to one policy unit. The figure shows an
hipothetical case (adapted from Jannsen, 1992) in which three alternative
types of transport infrastructure (highway, two-lanes road, railway) are
compared on the basis of five main concerns expressed by a policy unit.
3.3 Conflict analysis and feedback
Conflict analysis is based on the comparison of the outcomes of different units (in Figure
3.2, the outcome is the ranking of the 3 alternatives and their overall value). In line with
the definition of conflict given in Chapter 2, differences in the concerns, objectives,
impacts, weights etc., may be a cause, not a synonym, of conflicts.
Conflict analysis is based on conflict indices, each one underlying a feature of the conflict.
For instance, if the goal of the evaluation is to choose an option from a set of alternatives,
then a conflict occurs when different units prefer different options. If the goal is the
ranking of alternatives (e.g., to define a sequence of investments), then there is a conflict if
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the ranking for different units is different. In all cases, conflict indices specify between
which units conflicts emerge, which are the policy options which cause conflicts, and
which are the reasons for conflicts. Conflict analysis can serve to isolate the aspects which
cause more conflicts, to focus negotiation and conflict resolution, and to explore the
generation of improved or new policy measures. The full path of conflict analysis and
feedback is illustrated in Figure 3.3 and Figure 3.4
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Figure 3.3. Example of the DTCS approach: analysis of conflicts.
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Figure 3.4. Example of the DTCS approach: feedback.
3.4 Assumptions and applicability
A model of values is constructed in close cooperation with policy actors (interviews,
workshops, etc.). A model of values is a manageable, practical way to handle subjective
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information. It allows the integration of environmental, social and economical concerns in
the decision and address their achievements simultaneously.  It supports the analysis of the
differences among people (such as institutional decision makers, pressure groups,
stakeholders) and quantify and communicate their values (cf. also Brown, 1984; and
Hollick, 1981). It increases the transparency of public and private decisions and make
explicit the links between knowledge, assumptions, and choices (cf. also Zeppetella et al.,
1992).
There are also important assumptions behind this methodology.
Assumption 1 - The value system of each unit can be made explicit and analytically
represented so that conflicts can be identified.
A value model is an approximate representation of a decision strategy. Objectives and
concerns, and human preferences and tastes in general, are often unformed, hidden, and
volatile. Therefore, a value model should not be interpreted as a motionless picture of the
perspective of policy actors. Instead, it is a device to increase the understanding of the
position of policy actors, for a given purpose, at a certain point in time during the decision
process. The position of actors may change over time: objectives, concerns and
preferences may modify so that a value model is useful only within a specific context
dictated, amongst other things, by the stage at which the model is built. Any attempt to
statically associate a given model of values to a given actor throughout the whole decision
process represents an unnecessary and unproductive constraint to the analysis. Instead, a
model of values should be used as long as it serves to understand values and people’s
perspectives. The added value of the approach is not the model itself, but its impact on the
decision process.
Assumption 2 - Actors are willing to engage in a co-decision process.
The DTCS approach builds upon the cooperative motivation and is meant to sustain and
strengthen it along the process. The will to cooperate is a necessary assumption to initiate
such an approach: actors need to recognise the position of other actors and should be
willing to search for a negotiated solution. However, by supporting this process and by
making it more effective the cooperation attitude is stimulated, so that the use of the
approach make the approach itself more meaningful.
Assumption 3 - Policy options are known and their effects can be predicted so that
all units can assess the attractiveness of the option.
The amount and quality of information available to assess policy options may be limited by
several factors, including gaps in the understanding of the phenomena involved, and
insufficient resources to study the systems affected. In addition, not only the position of the
actors may change during the process (and their model of values), but also the policy
options considered may evolve. In some highly dynamic processes, it makes little practical
sense to heavily invest in the precise characterisation of policy options which may become
quickly obsolete and be dropped from the agenda. In other circumstances, the process has
reached a stage at which options are clearly identified and there is a need to converge on
one or few in a justifyable and transparent way. The DTCS tools can be used in both
cases. In an “opening-up” phase, alternatives are identified and screened to include all
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potentially suitable solutions which are recognisable at that stage. Limited information,
partial impact analysis and qualitative evidence are often sufficient for this purpose. The
DTCS approach is useful to streamline the selection and recognition of candidate options
potentially able to satisfy objectives/concerns of the actors. In a “converging” phase, the
information demands become higher and there is a need for precise information. The
DTCS methodology is useful to support a logical analysis and comparison of options.
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4. Assessment and evaluation of policy options
1Carlos Bana e Costa and 2Euro Beinat
1Centro de Sistemas Urbanos e Regionais, Instituto Superior Tecnico, Lisbon, Portugal
2Institute for Environmental Studies, Vrije Universiteit, Amsterdam
4.1 Methodological framework
Unit continuously interact with each others during the decision process (meetings,
information channels, media). However, it is necessary to isolate each one from the others
and systematically explore its perspective to understand the differences and similarities
between units, which are at the basis of conflict analysis.
The objective of this chapter is to show how to explore the concerns of a unit, how to
evaluate the impacts of a policy from a unit’s perspective and how to compare different
options. This is based on a multicriteria value function model, which associates to each
policy option an index of attractiveness which depends on the impacts of the policy and on
the subjective values of those who evaluate it (the actor in the unit, in this case). This index
can be used to compare options with each other or to assess the absolute attractiveness of a
policy option. The methodology unfolds in a series of stages:
1. Structuring, that is the analysis of the concerns of a unit and the selection of the
descriptors to specify the impacts of policy options;
2. Evaluation, that is the construction of the value index which serves to state the
attractiveness of a policy option for a policy unit.
3. Elaboration of recommendation, that is the substantive interpretation of the evaluation
in terms of guiding the behaviour of the policy unit in the decision process.
Structuring and evaluation are the main steps in the construction of a model of values;
sensitivity and robustness analyses of the results of the modelling are also essential
components in the elaboration of recommendations for the decision. One should never
consider the evaluation process finished before discussing the sensitivity/robustness of
recommendations that emerge from the application of a model, especially when single
numerical values are used to evaluate entire policy options (see Chapter 5).
4.2 Structuring the decision problem
4.2.1 The notion of concern
A concern is any aspect within a specific context that policy actors consider relevant for
evaluating the attractiveness of policy actions. Both stated objectives of policy actors, and
active characteristics (or attributes) of policy actions are called concerns.
As an example, let us consider the Betuweroute railway project (cf. Chapter 10). One
characteristic of the project is its costs. However, costs is not a concern in all policy units.
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While the national authorities (who pay for the project) want to minimise costs, the
municipalities involved in the routing decision may well disregard costs. Thus, to minimise
costs is a stated objective for the national authorities, while costs is not a relevant
characteristic of the project for the municipalities. As another example, let us consider the
problem of improving the quality of the Lisbon regional road network (cf. Chapter 12).
When trying to specify better the meaning of this general objective (to improve quality of
the regional road network), two fundamental concerns emerged: to improve the
accessibility in the Lisbon Region at a reasonable cost, which correspond to the policy
objectives maximise accessibility and minimise costs. The construction of new roads,
junctions and interfaces between existing and new roads was proposed to achieve these
objectives. However, the characteristics of these projects were such that new concerns
arose, for instance environmental effects, temporary effects during the construction phase.
Each of these broad areas of concern was further decomposed in a few more specific
concerns, for instance, the environmental concerns noise pollution, air pollution,
watershed effects, and land use effects. Moreover, when thinking about the spatial
distribution of the potential interventions, another important issue emerged in the form of
an equity concern.
Concerns can be technically re-stated as objectives, simply adding the verb to maximise or
the verb to minimise just before their labels. However, this is just a piece of technocracy
that does not contribute to shedding light to the decision process. All points of view
contribute to make explicit the actors’ concerns, but not all the concerns correspond
directly with policy objectives.
The objectives of the actors and the characteristics of the policy actions have different but
complementary roles in the decision making process. An objective can emerge without
reference to any explicit characteristic of the actions considered. On the other hand, the
analysis of the characteristics of the actions can contribute to reveal hidden objectives or
other types of implicit concerns. This contributes to a better understanding of the problem
and of the actors’ value systems, and to improve communication between actors at
different levels.
4.2.2 Structuring the concerns for the evaluation
The main activities in the structuring phase are:
· the definition of a family of fundamental concerns for evaluation;
· the construction of descriptors to make the concerns operational for evaluating actions;
· the estimation of the impacts-profile of each policy action.
Fundamental concerns
A fundamental concern (FC) is a separable evaluation axis. For each FC, a (partial) value
model can be built, reflecting the (partial) attractiveness of potential actions considering
only the perspective implied by that concern. For each unit Ut , fundamental concerns are
indicated with FCti, i=1,…n
t.
A concern is fundamental if the policy actions can be ranked with respect to that concern
irrespective of their impacts in any other aspects (ordinal independence). In addition, it is
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necessary that the difference of attractiveness between two actions does not depend on
other concerns (cardinal independence).
Suppose one wants to evaluate the attractiveness of a transport project in terms of noise
and air pollution on the basis of:
· peak noise levels during the night;
· average noise level in 24 hours.
These concerns are ordinally independent: whatever the average noise, low peaks during
the night are always preferred to high peaks (and vice versa). Cardinal independence, on
the contrary, is not obeyed. The difference of attractiveness between two average noise
levels may not remain the same independent of the level of the night peaks. The peaks and
the average both contribute to a decrease of environmental quality, but their combination is
likely to produce a more than additive deterioration. In other words, it is hard to say if a
given increase in the noise average produces a large or small deterioration of
environmental quality without knowing the peaks during the night. These two concerns
cannot be used as fundamental concerns. A good candidate would be a combined noise
concern, but the combination should not be additive!.
These are several techniques available to support the structuring phase (cf. Rosenhead,
1989). The cognitive mapping technique (Eden, 1988), in particular, can be very useful in
this phase, especially when facing ill-defined and complex situations, involving several
actors and many issues to be addressed simultaneously. Cognitive maps are build during
interview sessions and can serve to disentangle concerns, objectives, cause-effect
relationships etc. from the cloud of concepts and ideas which usually emerge at the early
stages of the analysis (cf. Bana e Costa et al., in press).
One important result of the structuring activity in each policy unit is the identification of a
family of fundamental concerns1. A value tree can then be used to cluster and organise the
fundamental concerns. Figure 4.1 shows an example which refers to the case study in
Chapter 12.
4.2.3 Descriptors of impacts
A descriptor is an ordered set of plausible, qualitative or quantitative, impact levels in
terms of a fundamental concern. It is intended to serve as a basis to describe, as much as
possible objectively, the impacts of actions with respect to that FC. The descriptor
associated to the fundamental concern FCi
t, i=1,…nt is indicated with Xti
A descriptor can be direct, or natural, (its levels directly reflects effects; such as the
number of people affected by respiratory diseases), indirect (an indicator of causes more
than effects; such as the concentration of air pollutants), or constructed (a finite set of
reference levels, such as a finite number of plausible health effects of pollution).
                                                  
1 Family in the sense of being co sensual, non-redundant, concise, exhaustive, and operational
(cf. Bana e Costa and Vansnick, 1997).
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Moreover, a descriptor can be quantitative or qualitative (or even pictorial), and
continuous or discrete.
Fundamental
concerns
Transport
Environment
Urban 
development
Costs
Equity
Accessibility
Connectivity
Noise pollution
Air pollution
Watershed
Land use (land)
Land use (people)
Potential for dev.
Economic activities
Construction costs
Social costs
Risks
Spatial distribution
Figure 4.1. Example of a value tree (concerns organised in a tree structure).
In Table 4.1 (extracted from Bana e Costa and Vansnick, 1997), two examples of
descriptors are given. One of them is quantitative and continuous (X2), the other one is
constructed and qualitative (X8). They were used to make operational two FC for the
evaluation of alternative layouts for a new railway line in the city of Lisbon.
Table 4.1. Examples of a continuous and constructed descriptors.
Fundamental
concern
Descriptors and neutral levels
FC2: Impact of the
new line on the
urban structure
FC2 is described by the "length in meters of the line on viaduct or in
open trench, where the line crosses consolidated urban areas"
X2 = {meters | 0 £ x £ 1200}; Neutral level: x2
0 = 400m
FC8: Effects of the
construction of the
new line on the
railway service to the
port of Lisbon
(this combines two
elementary concerns
that are
judgementally
dependent - see von
Winterfeldt and
Edwards (1986, p.
42)
FC8 is described by a five level scale defined by different possibilities of
splitting up the construction of the new line into track-sections, while
keeping (or not keeping) in operation the old railway line
X8 = {++, +, o, -, --}; Neutral level: x8
0 = o
where:
++It is possible to split up the construction of the new line in all its
track-sections, while keeping in operation the old line
+ It is possible to split up the construction in only two track-sections,
while keeping in operation the old line
o It is impossible to split up the construction, while keeping in
operation the old line
- It is possible to split up the construction in only two track-sections,
but it is impossible to keep in operation the old line
-- It is impossible either to split up the construction, or to keep in
operation the old line
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Defining impact descriptors is, in itself, an important activity, where several pitfalls can
occur. For example, one must be aware that several alternative descriptors can be chosen
to describe the impacts in a given FC, but it is essential to choose only one descriptor for
each FC to avoid redundancy problems. Nevertheless, when discussing descriptors it often
happens that hidden concerns are revealed, and the family of FCs should be re-structured,
making this stage a recursive learning process (Figure 4.2).
 Concerns  Fundamental
concerns
Descriptors
Figure 4.2. Learning as a recursive process.
4.2.4 Impact-profile of each policy action
Once descriptors for all FCs are defined, the impacts-profile of each policy action a (g1(a),
…, gj(a), …, gn(a)) can be identified. Usually this is done by associating a with o e impact
level of each descriptor (Figure 4.3).
The estimation of impacts may be affected by substantial uncertainty, making difficult, or
even impossible, to describe the impact of an action on a FC by a unique impact-level.
Figure 4.4 shows the impact profile of an action a in an hypothetical situation involving
four FCs. The descriptors X1 and X3 are continuous scales, while X2 and X4 are discrete
scales: g1(a) and g2(a) are crisp impacts, g3(a) is an interval, and g4(a) is a sub-set of
impact levels, both indicating uncertainty in impact estimates.
(a)
V
V
·
·
·
·
·
·
·
·
V
V V
V
a
Impact ofg
j
Descriptor of FCj
(ordered set of impact levels)
best plausible
worst plausible
impact level
impact level
VV
V
V
V
V
V
V V
a on FCj
Set of actions  A
Figure 4.3. Mapping the impacts of a decision action.
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g2(a)
g1(a)
g3(a)
g4(a)
X1
X2
X3
X4
FC1
FC2
FC3
FC4
Impact profile of action a
Figure 4.4. Possible types of impact descriptions.
4.2.5 Result of structuring and impact analysis
The typical result of the structuring and impact analysis phase are illustrated in Table 4.2,
which reproduce the data used in the example in Chapter 3.
Table 4.2. Result of structuring and impact analysis: example.
Value tree Alternatives
Area of concern (Fundamental)
Concerns
Descriptors Measurement High. 2l Train
Economic effects and
costs of the
infrastructure
Minimise construction
and maintenance costs
Total costs in 30
years
Million NLG. 200 250 500
Maximise accessibility
between core regions
Travel time
between 2 selected
regions
Constructed
scale with 7
levels (---/+++)
+++ ++ +
Increase the capacity
of the transport system
Max. number
passengers per km
per year
Million
passengers per
km per year
30 20 40
Environmental impactsMinimise pollution
levels
NOx emissions per
year
tons/year 1000 750 100
Prevent disruption of
the natural landscape
Changes in the
perception of
visual quality of
the area affected
Constructed
scale with 7
levels (---/+++)
--- -- -
4.3 The additive value model
Additive value functions are used to appraise the attractiveness of the impact profiles of
each policy option. A value model is an analytical representation of human judgements. An
additive model, in particular, is constructed by aggregating several value models, each one
associated to a fundamental concern. The construction of an additive model requires
several steps:
· for each descriptor, a cardinal value functions is first constructed to measure the
(partial) attractiveness of the policy actions with respect to a single FC;
· scaling constants (weights, in the common language) are then assigned to the plausible
ranges of impact levels so that the attractiveness scores related to single FCs can be
harmonised and aggregated;
· several sensitivity analyses are then performed to offer the actors the possibility to
revise and refine their judgements.
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The additive model is the following:
V a V g a g a g a w v g aj n j
j
n
j j( ) ( ( ),..., ( ),...., ( )) . ( ( ))= =
=
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,
with wj
j
n
=
=
å 1
1
, wj > 0 (j = 1, …, n), and 
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v worst
j j
j j
( )
( )
=
=
ì
í
î
100
0
where:
· V(a) is the overall value of alternative a, which measures the overall attractiveness of
alternative a;
· gj(a) is the impact of alternative a with respect to FCj,
· vj(gj(a)) is the partial value of the j-th impact, measuring the partial attractiveness of 
with respect to FCj,
· bestj and worstj are, respectively, the plausible best and worst impact levels of the
descriptor Xj associated with FCj;
· wj is the scaling constant (weight) for FCj.
The value functions vj(gj) are non-decreasing monotonic functions. They transform the
impacts into value scores, suitable for a weighted sum aggregation. The term wjvj(gj(a)) is
the part of the overall attractiveness of action a whi h relates to FCj. igure 4.5 shows the
relationship between partial values, weights and the overall value of an alternative.
Partial values (vj(.)) Overall value V(a) = 47
w1 = 0.15
w2 = 0.10
w3 = 0.20
w4 = 0.05
w5 = 0.08
w6 = 0.30
w7 = 0.12
100
75
80
30
60
60
FC7
FC6
FC5
FC4
FC3
FC2
FC1
9
3
8
4
12
3
8
V7
V6
V5
V4
V3
V2
V1
10
Figure 4.5. Partial values and overall value in a additive value model.
In this example, the left part of the figure shows 7 fundamental concerns and the partial
values associated to a hypothetical impact profile. The value of 60 on FC1 and FC3 do not
necessarily mean that the impacts on FC1 and FC3 are equally attractive. The scaling
constant wj serve to tune these partial attractiveness scores. For example, if wj = 0.2 (FC3)
then one value unit of FC3 is worth 20% of the overall values attached to the alternative.
Since w2=0.1, then one value unit on FC3 is worth two value units on FC2. The right part
of the figure shows the weighted values, which can be summed up to provide an overall
value associated to this hypothetical alternative.
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The value function model can be used to provide partial evaluation (on individual FCs),
sector evaluations (for instance on a set of concerns, such as environmental concerns) and
overall evaluations as shown in Figure 4.6
AREAS OF
CONCERN
EVALUATION
VALUE
POLICY
ACTIONS
FUNDAMENTAL
CONCENRS
SECTOR
OVERALL
PARTIAL
EVALUATION
Figure 4.6. Building partial models of value with cardinal value functions.
4.3.1 Value functions for individual descriptors
Value functions associated to single descriptors serve to translate impact levels into value
scores. These value scores can be used to state how much an impact level is more
attractive than another, or, in other words, the intensity of preference for impacts.
There are several techniques for building a cardinal value function (see von Winterfeldt
and Edwards, 1986; Beinat, 1997, Goodwin and Wright, 1997). A recent technique
particularly suitable for the DTCS context is MACBETH (Measuring Attractiveness by a
Categorical Based Evaluation Technique; Bana e Costa and Vansnick, 1997). The
MACBETH technique is based on an interview protocol which enables an evaluator to
state qualitative preference judgements. Through optimisation techniques, the underlying
value function is then extracted as the most coherent representation of the qualitative
judgements.
An example of value function assessment with MACBETH
Let S = {N1, N2, …,Nk} be a finite set of n impact levels of a descriptor. The
MACBETH questioning procedure consists in asking an assessor to verbally judge the
difference of attractiveness between each pair of impacts x and y of S (with x more
attractive than y) choosing one of the following semantic categories:
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C
1
very weak difference of attractiveness (diff.att.)
C
2
weak diff.att.
C
3
moderate diff.att.
C
4
strong diff.att.
C
5
very strong diff.att.
C
6
extreme diff.att..
Let us consider the following example for the fundamental concern “historic and cultural
effects” associated to the descriptor shown in Table 4.3 Figure 4.7 shows a screen of the
MACBETH software (Bana e Costa and Vansnick, 1997).
Table 4.3. Example of constructed descriptor for the FC “historic and cultural effects”.
Impact levels Description
N5 No conservation area and Listed Building.
N4 1 Listed Building at 100m.
N3 2 Listed Building at 100m or 1 Listed Building at 50m.
N2 2 Listed Building at 50m or 1 conservation area at 50m.
N1 2 conservation areas at 50m.
In the upper left matrix of Figure 4.7, the qualitative judgements associated to the different
impact levels are shown. For example, the “2” in the intersection of the line N5 with the
N4 means that the difference of attractiveness between these two impact levels is judged
as “weak”. The right window shows the numerical scale proposed by MACBETH on the
basis of this information. The matrix on the bottom left shown the differences of value
corresponding to the proposed scale. In general terms, MACBETH proposes a numerical
scale that satisfies the qualitative judgements given by the assessor. This information
corresponds to the value function shown in Figure 4.9
To facilitate the analysis, MACBETH can also show the interval within which each value
can vary without violating any judgement. For example, Figure 4.9 shows that the value of
N4 can vary between 90 and 70. This means that any value of the impact N4 between 70
and 90 is coherent with the judgements of the assessor.
In some cases there is no value function compatible with the judgements given (see Bana e
Costa and Vansnick, 1997, for theoretical details). In such a case MACBETH offers
alternative suggestions to help bypassing the problem.
If the descriptor of a given FC is a continuous indicator (such as a noise level),
MACBETH is applied for a subset of reference levels. Once the point estimates of the
value function are assessed, the full curve can be extended to the full range of impacts by
linear interpolation or curve fitting.
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Figure 4.7. Semantic judgements in MACBETH.
Values
Impact levels
N1 N2 N3 N4 N5
0
100
Figure 4.8. Value function assessed with MACBETH.
Figure 4.9. MACBETH: the interval within which each value can vary without
violating any judgement.
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Results of the assessment of value functions for individual descriptors
Value functions are applied to individual descriptors to process the impact table and
produce a new table which shows the attractiveness of individual impacts. An example is
shown in Figure 4.10, which reproduce the data used in the example of Chapter 3.
200                 500
Costs
---        0        +++
Landscape
Capacity
20       30        40
100                1000
NOx
---        0        +++
Travel time
Attractiveness High. 2 lan. Trn.
Cost 1.00 0.83 0
Travel time 1.00 0.83 0.67
Capacity 0.50 0 1.00
Nox 0 0.28 1.00
Landscape 0 0.17 0.33
Imapcts High.   2 lan.  Trn.
Cost Mln Nlg 200      250      500
Travel time ---/+++ +++      ++        +
Capacity mln/km/yr 30        20        40
NOx ton/yr           1000    750     100
Landscape ---/+++ ---         --         -
Figure 4.10. Value functions applied to appraise the attractiveness of individual
impacts: example.
4.3.2 Scaling constants: the weights
The notion of relative importance of criteria, the so-called weights, is perhaps the most
fundamental notion in Multicriteria Decision Aid (MCDA). It is important to stress that
there is no sense, and it is theoretically incorrect, to specify weights outside of the context
of the specific evaluation model, that is without reference to the mathematical rule which is
used to aggregate partial attractiveness into an overall attractiveness value (the weighted
sum, in this case). The notion of relative importance is different for different aggregation
procedures. In this context, the distinction between compensatory (such as the weighted
sum) and non-compensatory aggregation procedures is particularly relevant.
In an additive model of values, in all compensatory approaches in general, the caling
constants (weights) have no absolute or intrinsic meaning. It is meaningless to derive them
without reference to the impact ranges. Keeney (1992; pp. 147-148) clearly explains the
issue in a section rightly entitled The Most Common Critical Mistake:
“There is one mistake that is very commonly made in prioritizing objectives. Unfortunately,
this mistake is sometimes the basis for poor decisionmaking. It is always a basis for poor
information. As an illustration, consider an air pollution problem where the concerns are air
pollution concentrations and the costs of regulating air pollution emissions. Administrators,
regulators, and members of the public are asked questions such us 'In this air pollution
problem, which is more important, costs or pollutant concentrations?' Almost anyone will
answer such a question. They will even answer when asked how much more important the state
'more important' objective is. For instance, a respondent might state that pollutant
concentrations are three times as important as costs. While the sentiment of this statement may
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make sense, it is completely useless for understanding values or for building a model of values.
Does it mean, for example, that lowering pollutant concentrations in a metropolitan area by
one part per billion would be worth the cost of $2 billion? The likely answer is 'of course not.'
Indeed, this answer would probably come from the respondent who had just stated that
pollutant concentrations were three times as important as costs. When asked to clarify the
apparent discrepancy, he or she would naturally state that the decrease in air pollution was
very small, only one part in a billion, and the cost was a very large $2 billion.
The point should now be clear. It is necessary to know how much the change in air pollution
concentrations will be and how much the costs of regulation will be in order to logically
discuss and quantify the relative importance of the two objectives.
This error is significant for two reasons. First, it doesn't really afford the in-depth appraisal of
values that should be done in important decision situations. If we are talking about the effects
on the public health of pollutant concentrations and billion-dollar expenditures, I personally
don't want some administrator to give two minutes of thought to the matter and state that
pollutant concentrations are three times as important as costs. Second, such judgements are
often elicited from the public, concerned groups, or legislators. Then decisionmakers use these
indications of relative importance in inappropriate ways. {¼}
If the value tradeoffs are done properly and address the question of how much of one specific
attribute is worth how much of another specific attribute, the insights from the analysis are
greatly increased and the likelihood of misuse of those judgments is greatly decreased.”
Unfortunately, there are several popular weighting procedures in which the assessment of
weights to be used in an additive model is made by directly comparing criteria in terms of
their relative importance. However, correct weights must be assessed with reference to
the impact ranges. This is what is done in the trade-off procedure (Keeney and Raiffa,
1976) and in swing weighting (von Winterfeldt and Edwards, 1986), so as in the
MACBETH weighting procedure. Let AF = {a0, a1, ¼, aj, ¼, an} be a reference set of
(n+1) fictitious actions, where a0 is a reference action with the plausible worst impacts in
all FCs, and aj (j = 1,…,n) is a reference action with the plausible best impact (bestj) in the
jth FC, and the plausible worst impacts (worstl) in all the other n-1 FCs l ¹ j. Given the
conditions defined above for the additive model:
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o
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=
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Moreover, if aj is judged as more attractive than al, e V(aj)> V(a1), that is, 100.wj >
100.wl and so wj > wl. The question that can be made to an evaluator is: assuming that all
the FCs are at their worst impact levels, would it be better to swing from worst to best in
the j-th FC or in the l-th FC? This means that, in order to rank the weights it is sufficient to
rank the reference actions a
1
, ¼, j , ¼, an  (i.e., the n swings from worst to best) by
order of relative overall attractiveness.
Let us consider an example which includes 8 FCs, and let us focus on two descriptors:
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X5 - “number of areas where competitiveness increase” (plausible impact range is best5 =
100 areas; and worst5 = 20 areas);
X7 - “percentage of areas containing al least one hospital” (plausible impact range is: best7
= 100 %; and worst7 = 10 %).
In order to determine which weight is higher, w5 or w7, the following question can be
asked: “Take an alternative with the worst impact levels in all the eight fundamental
concerns. Would you prefer to swing its impact from 20 areas to 100 areas in FC5 keeping
all the other worst impacts, or to swing its impact from 10 % to 100 % in FC5 keeping all
the other worst impacts ?” Note that this is the same to ask: “Which of the following
alternatives would you prefer:
a
5
 º (worst1, worst2, worst3, worst4, 100 areas, worst6, 10%, worst8), or
a
7
 º (worst1, worst2, worst3, worst4,  20 areas, worst6, 100%, worst8)
Suppose the answer is that the swing in FC7 is preferable to the swing in FC5 (a
7 is more
attractive than a5). Then V(a7) > V(a5) and thus w7 > w5. This does not mean that FC7 is
more important than FC5. Changing the impact ranges can change the weights. For
example, suppose that the range for X7 is limited between 70 % and 100% of areas
containing at least one hospital. In this new situation, worst7 = 70 % instead of 10 %, and
consequently the respective swing is now much shorter, from 70 % to 100 %. That is:
a
5
 º (worst1, worst2, worst3, worst4, 100 areas, worst6, 70%, worst8), and
a
7
 º (worst1, worst2, worst3, worst4,  20 areas, worst6, 100%, worst8)
It may well be that the same evaluator would consider a5 as mor  attractive than a7, d
consequently, w5 > w7.
The MACBETH questioning procedure for weighting the FCs consists in asking the
evaluator to compare all pairs of reference alternatives in AF in terms of overall
attractiveness, and to judge the difference of attractiveness between any two reference
actions, so that the first one is more attractive than the second one.
Results of the weight assessment
An example of the result of weight assessment is illustrated in Table 4.4, which uses the
data for the example in Chapter 3. The last column of the table shows the interpretation of
the weights.
Table 4.4. Result of weight assessment and interpretation of weights: example.
(Fundamental)
Concerns
Descriptors Best
level
Worst
level
Weight Meaning
Minimise costs Total costs in 30
years
200 500 0.16 Decreasing costs from 500 to 200 is roughly 3 times as
important as decreasing travel time from --- to +++
Maximise
accessibility
Travel time
between 2 regions
+++ --- 0.06 Decreasing travel time from --- to +++ is as important
as reducing the landscape impact from --- to +++
Increase capacity
of transp.system
Max. passengers/
km/year
40 20 0.36 Increasing the capacity from 20 to 40 is as important
as decreasing costs from 500 to 200
Minimise
pollution levels
NOx emissions per
year
100 1000 0.36 Reducing emissions from 100 to 100 is as important as
increasing capacity from 20 to 40
Prevent disruption
of the natural
landscape
Changes in visual
quality of the area
affected
+++ --- 0.06 Decreasing landscape impacts from --- to +++ is
roughly 6 times less important than decreasing
emissions from 1000 to 100
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4.3.3 Results of the value function model
The result of a value function model is an overall value attached to an impact profile (a
policy option). The value is a numerical representation of the degree to which the impacts
of the policy meet the concerns of the evaluators: the higher the value, the better the policy
option.
The concept of value is hard to pin down in general terms, since it depends on the
concerns to which value relates. Value only has a meaning within the decision context. The
value attached to a profile can be used to compare decision options and state a preference
ranking. The “best” option has the highest value, but this does not mean that this is a
“good” alternative or that its outcomes are desirable or acceptable. A value score can only
be used to state a “better than” or “"indifferent to” relation: it does not accommodate
absolute statements such as “acceptable” or “non-acceptable”, unless some reference
impact profiles, which are “good”, or “acceptable” or “neutral”, or other, are selected.
The absolute interpretation of a value score can then be based on the absolute
interpretation of these reference impact profile. If, for instance, the impacts corresponding
to the current situation is taken as a reference, the current situation could be translated into
a reference impact profile and be rated with the same value model. Alternatives can then
be compared to each other and to the status quo and the overall value attached to an
alternative can be given an absolute meaning in comparison to the reference profile. In this
way, absolute evaluations can be included. In general, it is of fundamental importance to
choose and interpret the reference profiles as accurately as possible before beginning the
assessment and interpretation of value scores.
The value function model is compensatory: a bad performance on a concern can be
compensated, at least partially, by a good performance on other concern. Therefore, the
interpretation of an overall value score should always take place together with the analysis
of the original score profiles, to prevent the risk of overlooking individual unacceptable
impacts.
4.4 Conclusions
4.4.1 Multicriteria versus single-criterion methodologies
The basic conviction underlying a Multi Criteria Decision Aid (MCDA) approach is that
the explicit introduction of several criteria, each representing a fundamental concern, is a
better path for robust decision-making for multidimensional and ill-defined problems. In
contrast to more classical approaches, the MCDA framework facilitates learning about the
problem and about the alternative actions, by enabling the actors to think about their values
and preferences from several points of view.
It can be argues that a multidimensional problem can be re-formulated by using a single-
criterion approach, provided a single criterion which incorporates all concerns can be
found (such as in cost-benefits analysis). A superficial view of the MCDA value function
techniques may suggests this. Such a view misses the point that value function models,
when properly constructed and used, are tools for exploring the interplay between criteria.
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Any attempt at simply constructing a single objective function without this in mind does
not constitute MCDA. The justification of the usefulness of a MCDA approach thus
requires more than reference to the multidimensional nature of complex real situations. It
must be emphasised that the key conceptual distinction is between single-criterion and
multi-criteria approaches rather than single-criterion and multi-criteria dec sions (cf.
Figure 4.11)
Single-criterion methodology
A unique
criterion
Multiple dimensions
(consequences, attributes,
characteristics, objectives,
constraints)
Single-criterion method of
aggregation of impacts
Overall preference
model
Multiple dimensions
(consequences, attributes,
characteristics, objectives,
constraints)
A family
of fundamental
concerns 
Multiple
criteria
Multicriteria methodology
Structuring
approach
Construction
of descriptors
Models of partial 
preferences
Inter-criteria
preference
information
(e.g. weights)
Multi-criteria
aggregation
of partial
preferences
Overall 
preference
model
A unique
fundamental
concern 
(A unique evaluation 
axis)
Figure 4.11. Single criterion and multicriteria approaches.
4.4.2 Value function models
With value functions, the problem evaluation can be studied in a virtual world, where
human judgements are represented by mathematical operations. This makes it possible to
study preferences, values, decision strategies and the differences between the value
systems of people in a simple, effective and illuminating way. This increases very
significantly our insight into decision making.
However, this is a demanding goal. The theory of value functions is based on a set of
assumption which fix precise conditions of rationality on human judgements. Value
functions aim at supporting decision making in a prescriptive sense, suggesting how to
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organise data, make judgements and evaluate decision options. This is done by following a
structured model, a well organised process and a transparent procedure. It is of
fundamental importance to recognise that the added value of value functions goes far
beyond the pure prescription of a course of action. In some sense, this is only a secondary
result.
The application of value functions aims firstly and especially at bringing about
understanding. A value function model never dictates a solution and never tells people
what to think (see French, 1988; pp. 342-347). Rather, it reveals areas where thinking is
necessary, or where introspection and clarification of perceptions are essential for the
understanding of a decision. The inevitable simplifications introduced by a mathematical
representation of human judgement do not undermine the merits of straight thinking. A
careful structure of a value function model is a guarantee that the decision process will
incorporates at least the fundamental issues of the problem and that the difficulties of the
decision are addressed right at their core.
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5. Uncertainty and sensitivity analysis
Alberto Colorni, Eliot Laniado and Simona Muratori
Consorzio MIP - Politecnico di Milano
Milano, Italy
5.1 Introduction
The value score attached to a multiattribute profile (a policy option) is influenced by three
main sources of uncertainty: uncertainty about the impacts; uncertainty about the form of
the value function and uncertainty about the weight. The combined effect of these
uncertainties may be such that the result of the value function model has a low level of
reliability.
Sensitivity analysis and robustness analysis offer a partial solution. Sensitivity analysis
explores the effects of changing data and model parameters in a "limited" surrounding of a
nominal starting solution (Janssen, 1992; Rios Insua, 1990). Robustness analysis takes a
more radical approach (cf. Roy and Bouyssou, 1984). Starting from the consideration that
many assumptions and numerical estimates are somewhat arbitrary, robustness analysis
performs a systematic analysis of a large set of variations which are considered as
plausible in the context in question. None of these approaches reduces uncertainty or
solves the uncertainty problem. However, if a solution is stable in the face of these tests,
the reliability of the outcome increases substantially.
5.2 Addressing uncertainty
Uncertainty can always be dealt with by repeating the multicriteria analysis (repeating
simulations) with different values of the uncertain variables. This method is particularly
useful when there is uncertainty between two sets of values, since it allows a direct
comparison of the final rankings of the policy options corresponding to each set of values.
A second method that can be used is based on statistics (Montecarlo method), and allows
to compute the probability of obtaining a given result (such as a ranking of alternatives)
within the uncertainty range. Montecarlo method can be used when the probability
distribution of the uncertain variables is known or can be reasonably hypothesised.
Both simulation and Montecarlo methods can deal with uncertainties on qualitative and
quantitative parameters. Some specific cases of uncertainty on numerical values can be
dealt with by specific algorithms.
Thus, there are three basic ways of dealing with uncertainty:
1. Simulation (SV): it is always possible to make simulations with different values (by
varying the uncertain parameters) and see what happens. This method is useful when
the uncertainty is between two or a limited number of values (or functions, or set of
values).
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2. Montecarlo (MC): when the statistic distribution of the uncertain parameters is known,
a large number of different values can be generated respecting the probability
distribution of parameters. This can be used to generate a statistics of the outcomes of
the value model.
3. Specific algorithms (A): some specific cases can be treated analytically by means of
specific algorithms, and will be discussed extensively in the following.
The following table specifies which are the most useful methods to deal with uncertainty
(U) on impacts, value functions or weights. It is clear that simulation and Montecarlo
methods can always be used, but for impacts and weights some cases can be treated by
means of specific algorithms. Large part of this chapter deals with sensitivity on weights.
impacts value functions weights
U SV+MC + A SV + MC SV + MC + A
Figure 5.1. Methods to deal with uncertainty (U) on impacts, value functions and
weights.
5.3 Uncertainty on the weights
Weights are a critical component of multicriteria analysis: weights are (by definition)
subjective and their estimation always implies some degree of arbitrarily or uncertainty.
This section presents specific algorithms which can be used to deal with uncertainty on the
weights. The various possibilities are the following:
WEIGHTS METHODS
numerical -fixed prop.
-any variation
SV + MC + A
SV + MC + A
ordinal SV + MC + A
5.3.1 Numerical weights varying in fixed proportions
The first kind of analysis regards weights that are uncertain, but their values are linked, so
that they can be varied only in fixed proportions. The most frequent case of uncertainty of
this kind is that of a set of weights which could be systematically overestimated or
underestimated.
The minimum percentage change that produce a rank reversal between alternatives can be
computed analytically. The smaller this value, the more sensitive the model to weight
uncertainty.
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Let us consider the case of uncertainty on the estimate of a single weight wi or of a l-
dimensional (1£ l £ m-1, with m total number of weights ) set S of weights. All weights
wiÎS can vary, but in fixed proportions, i.e. each weight can be multiplied by a percentage
variation aip, where p is a percentage value and the ai are fixed coefficients. If all the ai
coefficients are equal to one, large weights change more than small weights. The new
weights for which a rank reversal occurs can be computed analytically. If the variation of a
single weight wi is considered, the overall performances V(), V(b), ..., V(n) of policy
options a, b, ..., n, vary in a linear way with respect to wi , as shown in Figure 5.2 for a
case with three alternatives (a, b, c).
V
wi
V(a)
V(c)
V(b)
Figure 5.2. Variation of the global performances V of three policy options a, b, and c for
the variation of a single weight wi.
Since weights are normalised, so that wi
i
m
=
å =
1
1, the (m-l) weights wi Ï S (those which
are not the object of sensitivity analysis) must also change due to the normalisation. Their
percentage variation is given by bp, where b is a fixed coefficient:
b
a
=
-
Î
Ï
å
å
i i
w S
i
w S
w
w
i
i
Let V(a), V(b), ..., V(n) be the overall values of alternatives a, b, …, based on the original
set of weights, and suppose that V(a)>V(b)>V(c), etc., .… Let us also consider vi as the i-
th value function and gi(k) the impact of policy option k on the i-th fundamental concern.
A rank reversal between policy option a and policy option j occurs for p = paj* (cf.
Appendix 3) with:
( ) ( )( )
( ) ( )( ) ( ) ( )[ ]{ }paj
V j V a 1 w
w v (g a ) v (g j ) V j V a
i
wi S
i i i i i i
wi S
*
- - å
æ
èç
ö
ø÷
- + -å
= Î
Î
a .
Let us consider the following example for 3 alternatives and 3 fundamental concerns.
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a b c
X
X
X
wi
1
2
3
10 0 20
10 30 0
5 10 10
40
40
20
.
.
.
Let us also assume, for simplicity, that the functions are analytically known:
v
g
.40
v
g
18
v
10 g
.101
1
2
2
2
3
3= = =
-
so that the attractiveness of each alternative on each fundamental concern are the
following:
a b c
v
v
v
1
2
3
25 0 50
555 50 0
50 0 0
.
With this data, the overall attractiveness of the alternatives is:
V(a) 40 25 40 5 20 22.22
V(b) 40 50 20
V(c) 40 50 20
= × + × + × =
= × =
= × =
. . . .
.
.
55 50
Let us now consider the sensitivity of w1 (S=w1) and let us start with a1 =1. When w1
changes all other weights (w2 and w3) change. Their variation factor is:
b =
-
-
= -
.
.
40
1 40
2
3
.
The b coefficient is negative because if w1 increases w2 and w3 must decrease due to the
normalisation. The percentage variation pab
*  for which a rank reversal between policy
option a and b occurs is:
( )
pab
* =
- -
+ -
= -
( . )( . )
. .
.
20 2222 1 40
4025 20 2222
014
The corresponding weights are:
w w (1 p ) 40 0.86 344
w w (1 p ) 40 1.09 437
w w (1 p ) 20 1.09 219
1 1 ab
2 2 ab
3 3 ab
* = + * = × =
* = + * = × =
* = + * = × =
a
b
b
. .
. .
. .
and the global performance of a and b becomes: V*(a) = V*(b)=21.9.
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Similarly the percentage variation p*ac f r which a rank reversal between policy option a
and c occurs can be computed with the corresponding weight values:
p*ac=0.12 w*1= .448
w*2= .368
w*3= .184
and the global performance of policy options a and c becomes: V*(a) = V*(c) = 22.4. 
5.3.2 Numerical weights: variation of all the weights
If weights can change independent of each other, the only constraint for the analysis is the
normalisation rule. Through mathematical programming it is possible to explore weights
around the original ones and detect the minimum variation which produces a different
outcome. The distance between the original weights and those for which a different result
is obtained is a measure of the sensitivity of the model to weight variations. This distance
has to be carefully defined, since it has to be independent of the type of normalisation
chosen for the weights (sum to one, sum to 100 or any other).
The approach for sensitivity analysis on weights is based on Rios Insua and French (1991).
The objective is to find the closest vector of weights Wnew to the reference vector Wgivenfor
which a rank reversal occurs. The definition of distance between vectors is critical (see
Appendix 4). Many different definitions have been given in the literature and used in
practice. However the results of the analysis (the new set of weights at minimum distance
and the corresponding new recommendation for the decision) can depend on the
normalisation of weights, which is an arbitrary choice.
Let us consider an example (Figure 5.3) with two fundamental concerns (FC1 and FC2 )
and 4 policy options: a, b, c, d. Let us also suppose that the weights are equal and
indicated with x and y for FC1 and FC2, respectively. The W’ set of weights corresponds
to the standard normalisation. The second set of weights corresponds to a different
normalisation which attaches a weight of 1 to x. As a consequence, also y takes on a
weight of 1. The overall values V(.) of each policy option are computed with W'.
a b c d W W' W''
FC1 100 80 40 10 x .5 1
FC2 20 60 60 100 y .5 1   (as a consequence)
V(.) 60 70 50 55
Figure 5.3. The overall values of alternatives , b, c, d for two fundamental concerns.
The ranking of alternatives is: b > a > d > c. Let us now look for the rank reversal vectors,
that is for the sets of weights which would put a different alternative in the first position of
the ranking:
V(b) ³ V(a) Û 80x + 60y ³100x +20y (i.e. x £ 2y)
V(b) ³ V(c) Û x ³ 0
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V(b) ³ V(d) Û x ³ 4/7 y
Then, for  4/7 y £ x £ 2y Þ no rank reversal,
for  x < 4/7 y Þ rank reversal (d becomes first)
for  x > 2y Þ rank reversal ( becomes first).
The question now is to specify which rank reversal occurs at minimum distance from the
original set of weights. Figure 5.4 shows the original set of weights W and the rank
reversal vectors x = 2y and x = 4/7 y, together with two different normalisation.
Depending on the normalisation rule, the rank reversal points can be A’ and D’ (weights
add up to one) or A” and D” (the weight x is fixed at the value of 1). With the Euclidean
distance, W'D' = 0.19, W'A' = 0.24, W"D" = 0.75, W"A" = 0.50. This implies that W'D' <
W'A', which means that with the x+y=1 normalisation the rank reversal alternative at
minimum distance is d. But W"D" > W"A", which means that with the x = 1 normalisation
the rank reversal alternative at minimum distance is a.
x=2y1
1
x=4/7
y
W
D’
W'
A’
W"
D"
A"
y
x
x=1
x+y=1
Figure 5.4. The vector W, the rank reversal vectors x = 2y and x = 4/7 y, and the
geometrical interpretation of the two different normalisations x+y = 1
(which determine points A', W', D' ) and x = 1 (which determine points A'',
W'', D'' ).
This shows that the outcome of sensitivity analysis may depend on normalisation. To
prevent this outcome, the “cosine distance” can be used (cf. Appendix 4). The cosine
distance is measured by the cosine of the angle q formed by two vectors of weights. Since
the angle q is independent from the normalisation, the “cosine distance” is independent
from normalisation (cf. Figure 5.5).
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1
W1 W2
W1'
W2"W1
y
y=1
1
W2'
q
x
x+y=1
Figure 5.5. Two bi-dimensional weight vectors W1 and 2 in the x-y space of their
components, their distances W1'W2' and W1"W2" with two different
normalisations (x+y=1 and y=1 respectively): the angle q formed by the two
vectors in the space of their components is independent from the
normalisation.
With the cosine distance, two vectors are closer when their cosine distance (cosq) is larger.
The sensitivity analysis can thus be stated as: to find the vector Wnew which maximise its
cosine distance from Wgiven and for which a rank reversal occurs.
Let Vgiven (j) and Vnew (j) be the overall performances of policy option j with the vector
Wgiven and Wnew respectively; let policy option a be the one with the best overall
performance with vector Wgiven(V(a)³V(j), "j ¹ a), and let wigiven and winew be the
components of vector Wgiven and Wnew, respectively. If there are n policy options, the
sensitivity analysis can be stated as the following n-1 problems of mathematical
programming in the wi
new variables:
max
w
W
w
W
i
given
given
i
new
new
i
m
×
ì
í
ï
îï
ü
ý
ï
þï=
å
1
subject to
w i m
weightsnormalisation e g w
i
new
i
new
i
m
³ =
=
æ
è
ç
ö
ø
÷
=
å
0 1
1
1
( ,..., )
. .
 and
Vnew(a)=Vnew (b) (first problem)
 or Vnew (a)=Vnew (c) (second problem)
 or ¼
 or Vnew (a)=Vnew (n) ((n-1)-th problem)
where the objective function is the cosine distance between vector Wgiven and Wnew, the
first two constraints impose that Wnew is a vector of weights normalised as Wgiven (to 1),
and the other constraints impose that a rank reversal occurs.
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Once the n-1 mathematical programming problems have been solved, the weight vector is
the one (among the selected n-1) with maximum objective function. More complex cases
could be solved in similar way, by adding constraints to the problem formulation: for
instance a set of weights could be considered fixed, and the complementary one free to
vary.
5.3.3 Ordinal weights
When only the ranking of the weights is known it is impossible to carry out the full
multicriteria analysis in a cardinal fashion. However it is possible to perform a statistical
analysis to assess the “tendency” of an alternative to be ranked first, or second, third, etc.
Some more information, such as the interval within which the overall value of a policy
option can fall, can also be provided.
If the weights are given through conditions like w1 > w2 > 3 ... , i.e. if they are assigned
ordinally, a simple way to proceed is to compute the prevalence of each policy option, i.e.
the percentage of times it comes first in the final ranking of the policy options. By means
of Montecarlo analysis, a large set of numerical weights which satisfy the ordinal
conditions can be generated. Of course, the same can be done for any set of conditions on
the weights, including both equations and disequations (e.g. 0.3 £ w1 £ 0.4 , w1 ³ 2w2 , w3
= 0.1, ... ). However a polytope search can also be performed, following the following
procedure.
Let us first define the normalising planes as shown in Figure 5.6 for a three-dimensional
case.
p^ =plane orthogonal to W
p1 =plane orthogonal to w1
p2 =plane orthogonal to w2
p3 =plane orthogonal to w3
p0 =simplex
tp =simplex projection on
the w1 -w2 plane
Figure 5.6. The normalising planes in the space of the components for a three
dimensional weight vector W.
w2
w3
w1
p^
p3
W
p0
p1
p2
tp
1
1
1
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In any normalising plane there are (in general) m! areas with different weight rankings,
that is areas within which all points correspond to a set of weights which respect an rank
order. An example if given in Figure 5.7 Within the 3!=6 areas, weights respect the
following conditions:
1: w1 ³ w2 ³ w3 4: w3 ³ w2 ³ w1
2: w2 ³ w1 ³ w3 5: w3 ³ w1³ w2
3: w2 ³ w3 ³ w1 6: w1 ³ w3 ³ w2
In any normalising plane there are (in general) n areas of prevalence, that is areas within
which, whatever the weights, an alternative is best. Figure 5.8 shows an example. Within
the area marked with a, for instance, any weight set produces a ranking in which
alternative a is in the first position.
(w3=1)) w1
w2
1
3 2
5
4
6
(w1=1)
(w2=1)
(w3=1)) w1
w2
a
b c
n
(w1=1)
(w2=1)
Figure 5.7. The six areas with different
weight rankings in the tp plane
for a three dimensional weight
W.
Figure 5.8. Areas of prevalence for the
policy options a, b, ...,n, on the
tp plane for a three
dimensional weight W.
By superimposing the weight rankings areas with the areas of prevalence, the percentage
of prevalence of each policy option for each weight ranking can be computed (Figure 5.9).
Note that also in this case there are normalisation problems, since the percentage of
prevalence of each policy option in each of the m! areas with different weight rankings
depends on the normalising plane which has been chosen. However:
· Given a weight ranking, some policy options (those for which the prevalence area does
not intersect a given weight ranking area on one of the normalisation planes), have no
possibility to be considered the best (if the intersection is empty on one normalising
planes, then it is empty on any normalisation plane).
· If there is any reason to prefer one of the normalisation planes, the areas can be simply
measured (they are all convex polygons).
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· The vertexes of the areas are meaningful points, since the best and worst performances
of a prevalent policy option for a given weight ranking will be found on the vertexes of
the convex polygons given by the intersection of the respective prevalence area with the
weight ranking area (see Yakowitz et al, 1993).
· If some additional conditions on the weights can be fixed (for instance, to maximise the
dispersion of weights, i.e. the distance between the largest and the smallest weights; or
to minimise the weight disequilibrium to obtain a uniform distribution), then the
problem could be easily solved with linear programming.
Figure 5.9. The regions obtained by superimposing the weight rankings areas with the
policy option prevalence areas.
The constraints on the weights can be enriched, by assigning more conditions on the
weights (e.g. w2 = 3/2 w1 , 2w2 ³ w3 , w4 =0.1, ...). Let us consider an example with three
concerns C1, C2 and C3, and 4 policy options, a, b, c, d.
a b c d W
C1 100 80 50 10 w1
C2 20 40 40 100 w2
C3 60 100 90 30 w3
V(j) ? ? ? ?
Let us assume that w3 ³ 2 ³ w1, so that the polytope of interest is the grey polygon of
Figure 5.10, and let us normalise as follows: iiå = 1 and wi ³ 0 "i.
w1(w3=1)
w2
(w1=1)
(w2=1)
area of  prevalence of policy option a with w2 ³ w1 ³ w3
area of  prevalence of policy option a with w2 ³ w3 ³ w1
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O = (0,0,1)
R = (1/3,1/3,1/3)
S = (0,1/2,1/2)
Figure 5.10. The polytope ORS (grey area) in which the weight ranking is w3 ³ w2 ³ w1
on the tp plane.
For the choice of policy option a, the following conditions must be verified:
(a>b) 3w1 +w2 ³ 2 (1a)
(a>c) 8w1 + w2 ³ 3 (2a)
(a>d) -6w1 + 11w2 £ 3 (3a)
Since condition (1a) is inconsistent with the constraints on the weights, the region of
prevalence of a has no intersection with the polytope ORS, which means that alternative a
cannot turn out as the best option.
In the same way, for the choice of policy option b the following conditions must be
verified: 
(b>a) 3w1 + w2 £ 2 (1b)
(b>c) 2w1 - w2 ³ -1 (2b)
(b>d) 13w2 £ 7 (3b)
These three constraints do not restrict the polytope since they are always verified in any
point of the triangle ORS. This means that with any weight vector in the ORS area the best
policy option is b. The conditions for the choice of policy options c and d always give rise
to some inconsistency, as for policy option a.
5.4 Uncertainty on value functions
Value functions can be described as analytical function or, as discussed in the previous
section, as piece-wise functions defined by interpolating a limited number of points.
Uncertainty on value functions refer to the uncertainty on the values of these points, which
can vary within a given range (Figure 5.11). A statistical analysis can be used to compute
the prevalence of each alternative within the uncertainty range of the value functions.
(w3=1)
w2
O
R
S
w2(w1=1)
(w2=1)
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0
100
Figure 5.11. An uncertain value function.
The Montecarlo method can be used in the following way: a large number of value
functions is generated by selecting random points within the value ranges (only those
which are coherent with the semantic judgements if MACBETH is used). The percentage
of times that each policy option is the best is then computed. This can be applied to a
single value function at a time or to all the value functions simultaneously.
5.5 Uncertainty on impacts
The impacts of the alternatives can be qualitative or quantitative. Several uncertainties can
affect impact estimates, so that sensitivity analysis on impacts is always necessary. If the
uncertainty is due to some sort of systematic, predictable error, then the overall
performance of the alternatives can be computed and plotted as a function of the impact
variation. This allows to determine also the minimum critical variation for which a rank
reversal can occur, and the policy options competing for the first position within the
uncertainty range. In this section, the following approaches to impact sensitivity are
possible:
IMPACTS METHODS
cardinal SV + MC + A
intervals SV + MC
qualitative SV + MC
Let’s consider the case of uncertainty on the impacts gi(j) of each policy option j (j=a,b,...)
on each fundamental concern FCi (i=1,...,m). If the value functions have a known analytical
form, the impact variation can be formulated as a function of a vector of parameters p - so
that the uncertain impacts can be expressed as ~( ) ( ( ), )g j f g j pi i= . The global
performance of each alternative k can be computed analytically as a function of p:
V k w v g j w v f g j pi i i
i
m
i i i
i
m
( ) (~( )) ( ( ( ), ))= × = ×
= =
å å
1 1
Probably the most meaningful case which can be treated in this way is the case in which
there is uncertainty on the estimates of one row of the matrix (the impacts on one
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fundamental concern), assuming that all the impacts of such row can vary of the same
percentage.
Let us consider an example with three policy options: a, b, c. The impacts gi(k) and the
weights wi are the following:
a b c
g
g
g
wi
1
2
3
10 0 20
10 30 0
5 10 10
40
40
20
.
.
.
Let us also assume that the value functions are analytically known:
v
g
v
g
v
g
1
1
2
2
2
3
3
40 18
10
10
= = =
-
. .
so that
a b c
v
v
v
1
2
3
25 0 50
555 50 0
50 0 0
.
which results into:
V(a) 40 25 40 5 20 22.22
V(b) 40 50 20
V(c) 40 50 20
= × + × + × =
= × =
= × =
. . . .
.
.
55 50
If there is uncertainty on the impacts, and if it is possible to have systematically under- or
over-estimated some types of impacts, the impacts can be expressed as ~g g pi i= × , where
p is a variation parameter (p=1 means no uncertainty). The overall value V of the
alternatives can be expressed as a function of p:
V a
p p p
p
V b
p
p
V c
p
p
( ) .
.
.
( )
.
.
.
( ) .
( )
( ) .
.
= × + × + ×
-
= +
= × =
= × =
40
10
40
40
10
18
20
10 5
10
22 20
40
30
18
20
40
20
40
20
2
2
2
2
and plotted as in Figure 5.12.
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Figure 5.12. The global performances of the three policy options a, b, and c, as a
function of the impacts variation p.
The critical value p* for which a rank reversal between policy options a andb occur can
be computed analytically by imposing V(a)=V(b) and it results p*=1.06. This indicates
that only a 6% variation on the impacts can lead to a different conclusion of the analysis.
p
V(a)
V(c)
V(b)
p*
  V
DTCS final report 73
6. Conflict analysis
1Carlos Bana e Costa and 2Euro Beinat
1Centro de Sistemas Urbanos e Regionais, Instituto Superior Tecnico, Lisbon, Portugal
2Institute for Environmental Studies, Vrije Universiteit, Amsterdam, The Netherlands
6.1 Operational framework for conflict analysis
The DTCS methodology distinguishes between potential and real conflicts. Differences
between the concerns, objectives, value functions and weights employed by the units can
potentially lead to preferences for different curses of actions. If this does not happen, the
potential conflict underlined by these differences is dissolved. If this does happen, then the
potential conflict becomes a real conflict. This chapter is devoted to the development of
analytical tools to characterise real conflicts.
The analysis depends on the operational framework under which the evaluation process
takes place. Three basic operational frameworks can be distinguished, based on two
dimensions:
· The phase-dimension, which distinguishes between the s ructuring (construction of the
value tree and estimation of impacts) phase and the evaluation phase (assessment of
the attractiveness of alternatives).
· The interaction-dimension, which distinguishes between group int raction (units
interact during structuring and evaluation), and multi-individual ssessment (units do
not interact).
In a group structuring process (GS), the output of the structuring phase is a family of
concerns, organised in a value tree agreed upon by the whole group of units. In a multi-
individual structuring process (IS), each unit has its own individual family of concerns or
an individual value-tree. The value trees may partly overlap (e.g., two units share the
environmental concerns, but disagree on economic concerns) or be totally different (e.g. a
units is only concerned with environmental aspects, while another is only concerned with
economic aspects). In a group evaluation process (GE), the group shares the same value
model, that is the same value functions and weights (this can happen only with a group
structuring process). In a multi-individual evaluation pr cess (IE ), each unit has its own
individual evaluation model, partly or totally different from the others (e.g., when units
disagree on the weights). This gives rise to 3 realistic operational frameworks: GS+GE,
GS+IE, and IS+IE.
In the GS+GE operational framework, a common value model is constructed and shared
by all the units. Disagreements between units on concerns, descriptors, value functions,
and weights must be solved along the model building process. Not solving these
disagreement would lead to an interruption of the process. Under such a group framework,
real conflicts between units can only emerge when the impacts of the options are not the
same for all units. An example of a GS+GE framework can be found in the Portuguese
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case (see Chapter 12) where the value tree, the descriptors, the value functions and the
weights are common to all units.
In a IS+IE operational framework, conflicts among units are always real conflicts and they
appear at the end of the evaluation as a result of the comparison of the results of individual
units. Examples can be found in the CTRL case study (see Chapter 9) and in the
Betuweroute case study (see Chapter 10). Also, the example case presented in Chapter 7
is based on a IS+IE framework, where the value tree, the value functions and the weights
are constructed individually for each unit.
Finally, in a GS+IE operational framework, disagreements between units as regards the
concerns and the descriptors to be used are solved during the structuring phase. Conflicts
are ex-post, and emerge after the evaluation is made by each unit. The Lombardy case
study (see Chapter 11) is based on this framework.
6.2 Absolute and relative conflicts
There are two basic types of conflict analysis which correspond to two basic types of
evaluation:
1. Absolute evaluation: to give an absolute or intrinsic evaluation of an option (e.g. the
option is good, or bad).
2. Relative evaluation: to give a relative or comparative evaluation of the options (e.g.
obtain a ranking of all the options, or to select the best alternative, or the group of best
alternatives).
With an the absolute evaluation, a (real) conflict emerges if an action is viewed as g od n
one policy unit, but ad in another unit. This is an absolute conflict, because it results from
differences between absolute value judgements (good and bad) about the attractiveness of
a given option. Similarly, an absolute conflict exists between policy judgements like
acceptable and not acceptable, suitable nd unsuitable tc. A relative conflict occurs
when, given two alternatives, the first alternative is judged as more attractive (better) than
the second one in the first unit, while the second option is preferred by the other unit.
Distinguishing between absolute and relative conflicts is useful because it enables the
identification of different degrees of conflict. For instance, if two actions are both good in
two units, but in a reversed order, there is a certain degree of conflict. A stronger conflict
would occur if the two units rank the alternatives in the same way, but for a units they are
both good, while for the other they are both bad.
The comparison of alternatives in a relative sense can be based on their overall value
scores given by the value model(s). The absolute comparison requires the
operationalisation of the notions of good and bad (or acceptable and not acceptable, etc.),
which requires the explicit introduction of reference profiles. One way of proceeding is to
identify a neutral level of impact for all descriptors, thus defining a neutral reference
action. To appraise the absolute value of an action for a given unit, it will be enough to
compare its overall score with the overall score of the neutral profile. In many real-world
cases it is convenient to take as neutral reference action the so called status quo or do
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nothing alternative. To refine the analysis, several other reference profile can be
introduced in the model, such as a goodreference profile, (for instance, a target profile),
thus enabling the categorisation of each action to one of several categories of absolute
value (see Bana e Costa, 1992).
Reference actions can be different for the units involved (that is, a good profile may be
different for different units). However, it is of fundamental importance that the intrinsic
judgmental notions of neutral (or acceptable, attractive, etc.) are the same for all units, so
that their substantive meaning remains unchanged.
6.3 Analytical tools for conflict analysis
Conflict analysis is based on the analysis of the results of the value models for each unit
involved and for each option under consideration. The initial situation for conflict analysis
is the following:
1. A set of units which established individual or common value models;
2. The result of the evalutaion for each unit (either an absolute or relative evaluation) for
all alternatives.
The goals of conflict analysis are:
1. to highlight whether there are conflicts between units;
2. to highlight which unit conflicts with which other unit;
3. to measure the degree of conflict;
4. to provide information to manage conflicts and support negotiation.
The analysis is carried out by means of conflict indices. Different conflict indices can be
used to highlight different types of conflicts. The common properties of all indices are:
1. if a conflict index is equal to zero, then the type of conflict underlined by the index is
not present;
2. if the conflict index is positive, then the intensity of conflict increases as the index
increases.
A simple example will be used for illustrating the conflict indices (with the same data of
the example in Chapter 7). Table 6.1 shows the overall values of 3 alternatives evaluated
by 4 units called Region, Area1, Area2 and Area3. These values are graphically displayed
in Figure 6.1
Table 6.1. Example of overall attractiveness scores (1=best).
Alt1 Alt2 Alt3
Region 0.313 0.676 0.448
Area1 0.313 0.435 0.420
Area2 0.291 0.532 0.667
Area3 0.544 0.441 0.417
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Region
0 0.2 0.4 0.6 0.8
Area1
0 0.1 0.2 0.3 0.4 0.5
Area2
0 0.2 0.4 0.6 0.8
Area3
0 0.1 0.2 0.3 0.4 0.5 0.6
Alt3
Alt2
Alt1
Figure 6.1. Overall results for the example case.
6.3.1 Notation
The notation used in the previous chapters is reproduced in Table 6.2 for convenience. If
there is no ambiguity on the unit or alternative considered, the notation is simplified by
dropping some super- or sub-scripts.
Table 6.2. Notation.
Item Notation Comments
Units Uj, alternatively x, y, z
Number of units N
Descriptors Xi
j Descriptor i for unit j.
Number of descriptors for
Unit j
nj
Alternatives a, b, c, … Î A, or
Alt1, Alt2,…AltM Î A
A is the set of alternatives
Number of alternatives M
Impacts gi
j(a) The impact of alternative a on descriptor
i for unit j. When the alternative is
implicit, xi
j is used.
Weights wi
j The weight of descriptor i for unit j.
Value functions vi
j Value function of unit j for descriptor i.
Overall value function Vj(a) The overall value attached to alternative
a by unit j.
Best alternative for unit x a* (x)
6.4 Ordinal conflict analysis
If the operational framework corresponds to the IS+IEsituation, then the overall scores of
Table 6.1 cannot be compared in cardinal terms, because the scales are not the same for all
units. For instance, the score 0.313 for Alt1 in Area 1 and the Region in Table 6.1 does not
necessarily means that the overall attractiveness of Alt1 is the same for the two units. If
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nothing is done to bypass the scaling technical problem, only ordinal conflict analysis can
be performed based on the results of the value models1.
If the full rank order of the alternatives for each unit is the goal of the evaluation, an index
of conflict should specify the number of rank reversals between alternatives. The higher
the index, the higher the number of rank reversals and thus the higher the conflict.
The rank reversals index between the rankings of unit x and y, RR(x,y), is an indication of
the conflict between the units. The maximum number of possible rank reversals between
the rankings of units x and y is given by:
max ( , ) ( ) /RR x y M M= -1 2.
The ranking ordinal conflict index RANKI(x,y) (0 £ RANK(x,y) £ 1) is defined as:
RANKI(x,y) = 
2.RR(x,y)
M(M -1)
Properties:
· RANKI(x,y) = 0 if the two units x and y share a same full ranking of the options;
RANKI(x,y) = 1 for two units x and y with opposite rankings;
· If RANKI (x,y)>RANKI(x,z), then the conflict between units x and y is greater that
that between x and z.
For the example in Figure 6.1, the results are shown in Table 6.3 The largest conflict in
ordinal terms appears between Area2 and Area3, which have opposite rankings.
Table 6.3. Number of rank reversals (left) and RANKI index (right).
Region Area1 Area2 Area3
Region 0 1 2
Area1 1 2
Area2 3
Area3 Area3
Region Area1 Area2 Area3
Region    0 1/3 2/3
Area1 1/3 2/3
Area2    1
6.5 Cardinal conflict analysis
6.5.1 Reference profiles
Recommendations for conflict resolution based on ordinal conflict analysis has to be
elaborated very carefully since the differences of attractiveness between options maybe
meaningless. Let us assume that the results have been obtained under a GS+GE
operational framework, so that the overall values of the alternatives are in a common
interval (0-1 scale). In this case, the differences of value between options for a given unit
                                                  
1 Ordinal conflict analysis can be performed when the result of different units is a rank order of
the alternatives, whatever the method used to obtain the ranking.
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can be directly compared with the corresponding differences for another unit. In the rank
conflict table above (Table 6.3), the degree of ranking conflict is the same between the
Region and Area2, and between Area1 and Area2 (RANKI(Region, Area2) =
RANKI(Area1, Area2) = 1/3). This could lead to the conclusion that a similar level of
conflict exists between Area2 and the two other units. Nevertheless, in cardinal terms, this
is not correct. The gap of attractiveness between Alt2 and Alt3 (the pair originating the
rank reversals) is about 15 times bigger in the region than in Area1 (see Table 6.1).
Cardinal conflict analysis can be carried out if the overall scores of all alternatives in all
values models are expressed in a common interval scale. To achieve this technical
condition it is sufficient to define two reference profiles with the same substantive meaning
in all value models. These two anchors can be used to rescale all partial value functions in
such a way that the values of 1 and 0 in all models have the same substantive meaning.
In the following, two reference profiles are used. A neutral profile (NPj) separates between
attractive and non attractive solutions. If a solution ranks higher than the neutral profile, it
is by definition an attractive solution. A target profile (TPj) ind cates a good solution which
satisfies the units’ objectives and concerns.
The selection of the neutral and target profiles should be done for all units. In practice, this
means to generate two additional alternatives for each unit (real or hypothetical) that are
interpreted by all units in the same way. The overall value attached to NP and TP is, in
general, numerically different for different units. However, by defining Vj(NPj)=0 a d
Vj(TPj)=1 for all units, all overall values of all other alternatives for the units can be re-
normalised. Table 6.4 shows the original and re-scaled values of all profiles, including the
NP and TP profiles. The values of the NP and TP are hypothetical and serve only for
exposition purposes. For each unit, a re-scaled vale of one corresponds to the reference
profile for the unit, and the re-scaled value of zero corresponds to the status quo.
Therefore, a positive value can now be interpreted as an attractive outcome; a value higher
than one as a performance superior to the reference profile; and a negative value as a loss
compared to the status quo.
Table 6.4. Original and re-scaled values for all units.
NP TP Alt1 Alt2 Alt3 NP TP Alt1 Alt2 Alt3
Original values Re-scaled values
Region 0.49 0.61 0.313 0.676 0.448 0 1 -1,38 1,49 -0,31
Area1 0.37 0.57 0.313 0.435 0.420 0 1 -0,32 0,31 0,23
Area2 0.60 0.70 0.291 0.532 0.667 0 1 -3,04 -0,67 0,66
Area3 0.50 0.68 0.544 0.441 0.417 0 1 0,24 -0,32 -0,45
6.5.2 Absolute cardinal conflict analysis
Collective attractiveness and unattractiveness of the alternatives
The collective attractiveness (V+) and the collective unattractiveness (V-) correspond to the
collective evaluation of each alternative considering all units. For each alternative, the
collective attractiveness is the sum of its positive, re-scaled, overall values. The higher the
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collective attractiveness, the better the alternative for the group of units. The collective
unattractiveness is the opposite. By combining V+ and V- it is possible to see to which
degree all units share the same opinion on one alternative. If, for instance, V+ (or V)- are
zero for one alternative, then all units agree on the fact that an alternative is unattractive
(attractive). If V+ and V- are very small, then all units consider an alternative as rather
neutral. If, on the other hand, V+ and - are very large, then the alternative is controversial,
being very attractive for some units and very unattractive for some others.
Let N+(a) and N-(a) be the sub-sets of units for which action a is attractive and
unattractive, respectively. V+(a) and V-(a) are defined as:
V a V a Nj
j N a
+
Î
=
+
å( ) ( ) /
( )
     and     V a V a Nj
j N a
-
Î
=
-
å( ) ( ) /
( )
Figure 6.2 shows the collective attractiveness and unattractiveness of the three alternatives
in the example.
-1.50
-1.00
-0.50
0.00
0.50
1.00
Alt1
Alt2 Alt3
Collective
attractiveness
Collective
unattractiveness
Figure 6.2. Collective attractiveness and unattractiveness.
Index of minimum change
The Index of Minimum CHAnge (IMCHA) specifies how much a unit should give up to
achieve at least a common attractive alternative with another unit. If two units share at
least an alternative which is attractive for both (but not necessarily the best), the index is
zero, indicating the absence of conflict. Otherwise, the index indicates the minimum
sacrifices (or how much it would need) for a unit to raise the performance of one
alternative and make it attractive. The rationale of the IMCHA is that the minimum basis
for compromise between two units is to share at least an attractive alternative. If this does
not happen, the IMCHA shows how far we are from that situation.
A global indication of the conflict level within the group of units is given by the GIMCHA
index (Group IMCHA). For each unit x, the GIMCHA indicates how much the other
units, all together, need to give-up to have at least a common attractive solution with unit
x. A high value of the GIMCHA for unit x indicates that the it will be difficult for unit x to
impose at least one of its attractive options. A low value, on the other hand, indicates that
the sacrifices required to the others are modest.
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Let A+x and A-
x denote respectively the subsets of attractive and unattractive actions for
unit x. IMCHA(x,y) = IMCHA(y,x) = 0 if and only if the intersection between A+xand A+y
is not empty (when for the two units x and y there is at least a common attractive option).
Note that IMCHA(x,y) is not necessarily equal to IMCHA(y,x). If the intersection is
empty, IMCHA(x,y) > 0 and its value is given by (where Vy(a) is the overall value of
action a for unit y):
IMCHA x y V a
A x A y
y( , ) max ( )
( ) ( )
= -
+
-I
The global effort of the other units to achieve a common acceptable action with unit x is
GIMCHA(x) = IMCHA x,y
y
( )å . For the example, the values of IMCHA and GIMCHA
are shown in Table 6.5
Properties:
· IMCHA (x,y) = 0 if the units x and y share at least one attractive solution;
· If IMCHA (x,y) > IMCHA (x,z), then unit x conflicts more with unit y than with unit z.
· GIMCHA (x) = 0 if all units share a common attractive solution with unit x;
· If GIMCHA (x) > GIMCHA (y), then the conflict of unit x with the rest of the units is
larger than that of y with the rest of the units.
Table 6.5. Index of minimum change. The table shows, in each cell, the IMCHA score
and the alternatives, if any, which are attractive for the column and row
units. The GIMCHA score refers to the row unit.
Region Area1 Area2 Area3x    \    y
Region 0.00   0.67  0.32  0.99
 GIMCHA
Alt2
Alt2
Alt3
Alt3
Alt2 Alt2 Alt2
Area1 0.00 0.00  0.32  0.32
 Alt2 Alt3 Alt2
Area2   0.31 0.00  0.45  0.76
Alt3         Alt3 Alt3
Area3  1.38  0.32  3.04  4.73
Alt1 Alt1 Alt1   Alt1
6.5.3 Cardinal conflict analysis in a choice scope
Index of maximum loss
If the goal of the decision is the choice of the best alternative for each unit, the Index of
Maximum LOSS (IMLOSS) corresponds to the maximum loss that a unit has to suffer to
accept the best option of another unit. The rationale here is that each unit would choose its
best option and that this may represent a loss for the others. The loss is zero only if unit x
and unit y share the same best option. Suppose now that alternative a is the bes  for unit y,
but not for unit x. The IMLOSS measures how much it would need for unit x to put
alternative a as its best, and thus dissolve the conflict with y. The larger this sacrifice, the
least likely it will be that x accepts the choice of y. The Group IMLOSS (GIMLOSS) is a
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composite index. For each unit y, this index measures how much the other units, all
together, need to give-up to accept the preferred choice of y. A high value of GIMLOSS
for unit y indicates that the it will be difficult for this unit to impose its preferred options to
the other units. A low value, on the other hand, indicates that the sacrifices required to the
others are modest.
IMLOSS(x,y) = IMLOSS(y,x) = 0 if and only if x and y share the same best action. Note
that in general IMLOSS(x,y) is not necessarily equal to IMLOSS(y,x). If units x and y
have a choice conflict, IMLOSS(x,y) is defined by (denoting by a*(u) the best action for
unit u):
IMLOSS x y V a y V a xx x( , ) ( *( )) ( *( ))= -
The maximum global loss of the other units to accept the best action of unit y is
GIMLOSS(y) = IMLOSS x y
x
( , ))å . For the example, the values of IMLOSS and
GIMLOSS are shown in Table 6.6
Properties:
· IMLOSS (x,y) = 0 if the units x and y share the best alternative;
· If IMLOSS (x,y)>IMLOSS (x,z), then unit x conflicts more with y than with z;
· GIMLOSS (.) = 0 if all units share the best alternative;
· If GIMLOSS (x) > GIMLOSS (y), then the conflict of unit x with the rest of the units is
larger than that of y with the rest of the units.
Table 6.6. Index of maximum loss. The table shows, in each cell, the IMLOSS score.
The GIMLOSS score refers to the column unit.
x  \    y
GIMLOSS
Region Area1 Area2 Area3
Area3 0.56 0.56 0.69
1.88 1.88 2.56 7.19
Region 0.00 1.80 2.87
Area1 0.00 0.07 0.62
Area2 1.32 1.32 3.70
Index of unattractiveness
The index of unattractiveness, IREP, indicates how unattractive for unit y is the most
preferred option of unit x. The rationale here, as for IMLOSS, is that each unit would like
to choose its best option. This may represent a loss for the others, if they consider such an
option as unattractive. The IREP is zero only if the best alternative for unit y is at least
attractive, though perhaps not the best, for unit x. If alternative a is the best for unit y, but
not attractive for unit x, the IREP measures how much it would need for unit x to make
alternative a at least attractive, and thus reduce the conflict with y.
The GIREP is a composite picture. For each unit y, this index indicates how much the
other units, all together, need to give-up to accept the preferred choice of y. A high value
of GIREP for unit y indicates that the it will be difficult for it to impose its preferred
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options, since this is very unattractive for the other units. A low value, on the other hand,
indicates that the sacrifices required to the others are modest.
If units x and y have a choice conflict, IREP (x,y) = 0 if a*(y) is not unattractive for unit x
(Vx(a*(y)) ³ 0). In general IREP(x,y) is not necessarily equal to IREP (y,x). If a*(y) is
unattractive for unit x (Vx(a*(y)) < 0), the value of IREP (x,y) (> 0) is given by
IREP (x,y) = -Vx(a*(y))
The global unattractiveness for the other units to accept the best action of unit y is
GIREP(y) = IREP x y V a y
x
x
x
( , )) ( * ( ))å å= - . For the example, the values of IREP and
GIREP are shown in Table 6.7
Properties:
· IREP (x,y) = 0 if the best option for y is attractive for x.
· If IREP (x,y)>IREP (x,z), then unit x conflicts more with y than with z;
· GIREP(y) = 0 if the best alternative for y is attractive for all other units;
· If GIREP (x) > GIREP (y), then the conflict of unit x with the rest of the units is larger
than that of y with the rest of the units.
Table 6.7. Index of unattractiveness. The table shows, in each cell, the IREP score. The
GIREP score refers to the column unit.
x    \   y
GIREP
Region Area1 Area2 Area3
Region 0.00 0.31 1.38
Area1 0.00 0.00 0.32
Area2 0.67 0.67 3.04
Area3 0.32 0.32 0.45
0.99 0.99 0.76 4.73
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6.6 Summary of conflict indices
Setting Index Input/output Conflict
Global indications
Cardinal
conflict
analysis
- absolute
V+ (a) = collective
attractiveness of a; =0 if
a is unattractive for all
units; V- (a) = collective
unattractiveness of a; = 0
if a is attractive for all
units
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units
OUTPUT: collective attractiveness and
unattractive of each attractive
Conflicts on one
alternative do not
exist only if the
alternative has V+
or V- equal to zero
(or both)
Analysis for pairs of units
Ordinal
conflict
analysis
- relative
- ranking
scope
RANKI: ranking ordinal
conflict index
=1 if two units have
opposite rankings
=0 if two units have the
same ranking
INPUT: ranking of all options for all
units
OUTPUT: number of rank reversals
between units
Conflicts between
two units occur
when they do not
share the same
ranking of
alternatives.
Cardinal
conflict
analysis
- absolute
IMCHA: index of
minimum change
= 0 if two units share an
attractive alternative
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units
OUTPUT: for each unit, the minimum
change to share an attractive alternative
with another unit.
Conflicts between
two units occur
when they do not
share an attractive
solution.
Cardinal
conflict
analysis
- absolute
- choice scope
IMLOSS: index of
maximum loss
=0 if two units have the
same preferred
alternative
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units
OUTPUT: for each unit, how much to
change to have the same preferred
option of another unit.
Conflicts between
two units occur
when they do not
share the same
best alternative.
Cardinal
conflict
analysis
- absolute
- choice scope
IREP: index of
unattractiveness
=0 if the best of a unit is
attractive for the other
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units
OUTPUT: for each unit, how
unattractive it would be to choose the
best option of another unit.
Conflicts between
two units occur
when the best for
one unit is not
attractive for the
other.
Analysis for one unit against the others
Cardinal
conflict
analysis
- absolute
GIMCHA: global index of
minimum change
=0 if all units share an
attractive alternative
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units.
OUTPUT: for each unit x, huw much all
other units should give up to have a
common attractive alternative with x.
Conflicts for the
whole set of units
occur when they
do not share at
least an attractive
solution.
Cardinal
conflict
analysis
- absolute
- choice scope
GIMLOSS: global index
of maximum loss.
=0 if all units share the
same preferred
alternative
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units.
OUTPUT: for each unit y, how much all
others have to give up to achieve the
same preferred option of unit y.
Conflicts for the
whole set of units
occur when they
do not share the
b st solution.
Cardinal
conflict
analysis
- absolute
- choice scope
GIREP: Global index of
unattractiveness
=0 if the best for a unit is
attractive for the others
INPUT: cardinal overall value for all
alternatives for all units; neutral and
reference profiles for all units
OUTPUT: for each unit y, how much all
others units should give up to make
attractive the best option of unit y.
Conflicts for the
whole set of units
occur when the
best for a unit is
not attractive for
the others.
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6.7 Conflict management: exploring conflict resolution measures
Conflict indices can be used to identify and measure intensity of conflicts. They can also be
used to identify which factors generate conflicts and which measures can be explored to
reduce these conflicts. The basic idea of this process is to go backwards through all stages
of the value function model to identify the components of the models of each unit which
are responsible for the conflicts detected by a conflict index. The overall value of an
alternative is analytically computed on the basis of:
· the impacts of the alternative for the unit;
· the value functions attached to each descriptor by the unit;
· the weights attached to each descriptor by the unit.
The value attached to alternative a by unit j is:
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Since each conflict index produces indications based on the comparison between these
values, the influence of the elements of the model on the intensity of conflicts can be
detected. For instance, if units x and y show a cardinal conflict measured by the IMCHA
index, it is possible to see what weights, what value functions, and what impacts for the
two units are more responsible of the conflicts. Consequently, if the IMCHA index reflects
a type of conflict which is relevant for the situation at hand, this analysis can highlight the
most critical issues. This can be an aid to focus the negotiation efforts or can be explored
to suggest changes which would serve to reduce the conflicts.
This approach can be applied to all components of the value model. In the following it will
be discussed only as concerns the impacts. Therefore, it will be explored to identify which
impacts are more responsible for conflicts and which impact changes can be considered to
reduce conflicts. The baseline of this approach is the search of alternative solutions (which
can be totally new alternatives, or variations of the alternatives under evaluation) so that
the conflict levels measured through the conflicts indices can be diminished. The typical
result will be a new impact profile which is preferred by two or more units since it
decreases the conflicts between these units.
It is worth emphasising a fundamental point. This type of analysis is a mechanical
exploration which can be exploited to suggest mitigations of compensations for some units
so that conflicts are diminished. It is clear that the negotiation process is far more complex
than simply searching for new solutions that minimise conflicts. These instruments can
serve to explore the nature and reasons of conflicts and suggest where to channel
resources for reaching an agreement. They are not meant to be, and should never be
interpreted as, a mechanism to replace negotiation. They are an aid for the negotiation
process, but they are not an analytical substitute of negotiation.
Let us consider the conflict indices defined earlier. The common feature of all indices is
that they are equal to zero only when there is no conflict, although the conflict that they
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underline is different. Therefore, suitable indications for conflict resolution correspond to
changes in the impact profiles so that the conflict index diminishes. Therefore, exploring
conflict resolution measures based on conflict indices corresponds to the search of those
impact changes (or of any other parameter of the value model) that minimises the conflict
index. In formulas, this corresponds to searching that particular impact profile (a’) th t
minimises a given conflict index:
a  ':min[ ]
( )g aj
Conflict  Index
This process can be based on trial-and-error, simulation or optimisation procedures. The
type of results which can be obtained for each index are shown in Table 6.8
Table 6.8. Conflict resolutions for different indices.
Case Index Examples of output
Global indications
Collective
attractiveness /
unattractiveness
V+ (a) = 0 if a is unattractive for all
units; V-(a) = 0 if a is attractive for
all units
A new impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is attractive for all units
Analysis for pairs of units
Ordinal conflict
analysis
- relative
- ranking scope
RANKI: ranking ordinal conflict
index
=1 if two units have opposite
rankings; =0 if two units have the
same ranking
An new set of alternative profiles (for instance
obtained by changing/ mitigating/ compensating
existing alternatives) which have the same
ranking for both units
Cardinal conflict
analysis
- absolute
IMCHA: index of minimum change
= 0 if two units share an attractive
alternative
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) so that the profile is attractive for
both units
Cardinal conflict
analysis
- absolute
- choice scope
IMLOSS: index of maximum loss
=0 if two units have the same
preferred alternative
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is the best for both units
Cardinal conflict
analysis
- absolute
- choice scope
IREP: index of unattractiveness
=0 if the best for a unit is attractive
for the other
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is the best for a unit and
attractive for the other
Analysis for one unit against the others
Cardinal conflict
analysis
- absolute
GIMCHA: global index of minimum
change
=0 if all units share an attractive
alternative
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is attractive for all units
Cardinal conflict
analysis
- absolute
- choice scope
GIMLOSS: global index of
maximum loss.
=0 if all units share the same
preferred alternative
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is the best for all units
Cardinal conflict
analysis
- absolute
- choice scope
GIREP: Global index of
unattractiveness
=0 if an alternative is attractive for
all units and best for one
An impact profile (for instance obtained by
changing/ mitigating/ compensating an existing
alternative) which is attractive for all units and
best for one
In all cases, the objective is to search for one (or more) impact profiles which decrease
conflicts between two (or all) units. If the conflict is small, that is if the conflict indices are
close to zero, this new profile is often a marginal variation of an existing alternative. The
practical relevance of this result is that with small adjustments to an existing solution, for
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instance with some mitigation measures, a better outcome can be achieved in terms of
conflicts.
If the conflict is large, the search for impact profiles which reduce conflicts may lead to
completely new profiles. Since there are no technical or feasibility constraint in this search,
the resulting profile may not be necessarily a feasible policy solution. A feasibility study
should ideally follow this result.
The search for better policy options is not an automatic procedure. The fact that many
different conflict indices can be used highlights the fact that searching for new impact
profiles is also a matter of simulation and trials. An example of this process is provided in
the next chapter.
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7. An example case
1Euro Beinat and 2Carlos Bana e Costa
1Institute for Environmental Studies, Vrije Universiteit, Amsterdam
2Centro de Sistemas Urbanos e Regionais, Instituto Superior Tecnico, Lisbon, Portugal
7.1 Case description
This section describes a hypothetical case of a transport policy and infrastructure
provision. The area described in Figure 7.1 is characterised by a regional level (Region: R)
and three local levels (Area 1, Area 2 and Area 3) (cf. Figure 7.2 left).
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Figure 7.1. The area for the example case.
The spatial hierarchy in this case is straightforward and is represented in Figure 7.2 (right).
The features of the study area are:
· A large valley between two mountain areas.
· Six natural areas (Nat1 to Nat6). Nat1 and Nat2, are semi-natural areas and combine
woodland, grassland and native forests with small settlements and agriculture. Nat3
combines woodlands and grasslands and is considered of high natural interest and is a
prime area for recreation. Nat4 and Nat6 are considered areas of outstanding beauty
and of national interest and should be protected. Nat5, although being of natural
interest, has already been exploited and shows a combination of green areas and
economic activities.
· Area 1 is the most developed region and the highest populated area. Area 2 maintains a
predominantly rural character, with most economic activities concentrated around
Epsilon. Area 3 is the least developed: the area at the left of the northern mountains is
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predominantly rural, while the area at the right, which includes Delta, is characterised
by traditional industrial activities, heavily declining.
· The current trend of economic development privileges areas to the south of the map,
making it interesting for all regions to focus southwards.
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Figure 7.2. Policy units.
The regional authorities intend to re-structure the transport network in order to:
· provide economic incentives for the whole region, and increase cohesion between areas
in the region;
· refocus the economic activities towards the southern area;
· regenerate the economy of Area 3 (remove capacity constraints to its development,
increase cohesion especially with Area 1).
The existing railway and water transport networks running along the east-west corridor are
not suitable for these purposes. The highway network, developed mainly along north-south
lines, is also insufficient. Linking all regions together and improving the transport
connections southwards are seen as means for improving the economic situation in the
region. The construction of a new highway link has thus been considered. This proposal is
strongly supported by the regional authorities and by the administration of Area 3, which
see this plan as an indirect way to reshape the economy of the area. Different highway
corridors have been considered and after technical screening three main options have
emerged (Figure 7.3). Alternative 1 (Alt1) provides direct connection between the main
urban areas and it is designed to minimise construction costs. Alternative 2 (Alt2) is
designed to prevent interference with the main protected areas (Nat6 in particular) and
provides a better connection southwards, in particular for Delta. This option is the most
expensive. Alternative 3 (Alt3) exploits existing transport corridors (the railway) and is
meant to avoid interference with natural areas. This option has intermediate costs.
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Figure 7.3. Decision alternatives.
The four units involved in this case have different perspectives.
Regional administration: Overall, the region is interested in a better balance between the
economic conditions of Area 1, 2 and 3, in re-focusing the economic activities towards
southern areas and in promoting the economic regeneration of Area 3. The main concerns are
to improve the accessibility for the whole region, the cohesion between economic centres, and
to increase employment (especially in Area 3). Concerns also include the local environmental
impacts, the coherence of the regional policies with the national environmental goals, and the
changes in the landscape patterns and indentity of the region.
Local administration Area 1: This area is already urbanised and developed. The new highway
is not a need for Area1, but it is seen as an economic opportunity, provided the environmental
costs are not excessive. Concerns include an increase in the accessibility of its main urban
area (Beta) and the environmental impacts of the plan.
Local administration Area 2: Located at the south of the region, this area is in a convenient
geographical position. There is an interest to improve the connections, especially with Gamma
(in Area 1), but the administration is determined to keep the rural character of the area and its
natural assets. Concerns for Area 2 are the local environmental impacts, the impacts to the
natural areas in Area 2 and elsewhere, and the accessibility to its main center (Epsilon).
Local administration Area 3: The main interest of Area 3 is to promote the conversion of its
declining industrial sector. Increasing the accessibility of Area 3 and generating new jobs is
thus crucial. However, Area 3 is also concerned with the overall environmental impacts of the
plan which may be an issue for the areas which are less in need of new infrastructure.
7.2 The evaluation from the perspective of Area 1
7.2.1 Concerns and descriptors for Area 1
In line with the qualitative analysis above, Area 1 expresses two main concerns:
environmental impacts and economic and accessibility impacts. Thus, to establish if a
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proposed highway is attractive from the perspective of Area 1 it is necessary to measure
the environmental and economic impacts of each highway. Four impact descriptors are
suitable for this purpose:
1. noise level;
2. extent of the natural area affected by the highway;
3. expected employment created in the area, measured in terms of additional jobs;
4. accessibility in the region.
These impacts are measured and calculated as shown in Table 7.1
Table 7.1. Descriptors, impacts and estimate methods for Area 1.
Descriptor Units of measure Estimate
Noise (Area 1) Number of houses
exposed to high noise
levels due to the new
infrastructure
Modeling the noise emissions on the basis of expected
traffic. Production of noise contours on a GIS
platform. Count houses within a given noise contour
Natural area
(Area 1)
Hectares impacted Overlay of highway corridor with maps of natural
quality. Count hectares
Employment
(Area 1)
Number of jobs
created
Modeling the economic consequences of the highway
Accessibility
(Area 1)
Qualitative scale Expert judgement on the effects of the highway on
accessibility
7.2.2 Impacts for Area 1
The impacts for Area 1 are shown in Table 7.2 The accessibility impact is expressed in a
qualitative constructed scale due to the lack of suitable numerical figures. In this example,
the accessibility scale considers 5 level:
a - no accessibility improvement;
b - limited accessibility improvement (benefits mainly local);
c - significant accessibility improvement (local benefits; removes existing bottlenecks);
d - high accessibility improvement (benefits for about 25% of the area; removes existing
bottlenecks; favours the achievement of planning goals for the area);
e - high and structural accessibility improvement (widespread benefits in about 50% of the
area, removes existing bottlenecks; meets planning goals for the area).
These scales have to be defined in such a way that each qualitative level corresponds to a
clear description of a possible impact, so that different impact levels can be distinguished
and their attractiveness evaluated.
Table 7.2. Impact table for Area1.
Descriptor Units of measure Alt 1 Alt2 Alt3
Noise (Area 1) Houses 150 50 120
Natural area (Area 1)Hectares impacted 25 30 4
Employment (Area 1)Number of jobs created500 300 400
Accessibility (Area 1)Qualitative scale b c b
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7.2.3 The value model of Area1
The value model of Area 1 contains the subjective information necessary for assessing the
attractiveness of each alternative from the point of view of Area 1. To construct the value
model for Area 1 it is necessary to assess each impact separately and then their relative
importance. This corresponds to the assessment of value functions and weights for Area 1.
The value functions are attached to each descriptor separately. They transform the original
impact figures in value scores, where high value indicates higher preference. The value
functions are assessed through direct interviews. The results for Area 1 are shown in
Figure 7.4
The value function for noise, for instance, states that for Area 1 the best noise level is 0 (no
additional houses exposed high noise) and the maximum level which can be considered is
400. Although no alternative under evaluation reaches this high level, 400 is selected
because it corresponds to 50% of the number of houses currently exposed to high noise
levels, and provides a clear reference point. The value function for noise shows a S-shape.
Below 100 houses, the impact is considered as minor and thus largely acceptable.
Between 100 and 200 houses the value decreases sharply, indicating the existence of a
threshold after which noise becomes a real issues. Higher levels make the situation worse,
but the pace of deterioration decreases.
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Figure 7.4. Value functions for Area 1.
Value functions serve to translate impacts into value scores: a value score indicates the
attractiveness of an impact with respect to two reference impacts (0 and 400 houses in the
noise example). With value functions the impact matrix can be translated into a value
table, shown in Table 7.3
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Table 7.3. Value table for Area1 (shaded cells correspond to the best performance on
each descriptor).
Descriptor Units of measure Alt 1 Alt2 Alt3
Noise (Area 1) Houses 0.59 0.94 0.76
Natural area (Area 1)Hectares impacted 0.12 0.07 0.79
Employment (Area 1)Number of jobs created0.30 0.15 0.22
Accessibility (Area 1)Qualitative scale 0.20 0.42 0.20
As usual, no alternative is the best on all respects (no alternative shows a column of
shaded cells). Thus the overall attractiveness of an alternative for Area 1 depends on the
relative importance of the concerns. This corresponds to the concept of weight, that is,
how much Area 1 is willing to give up in one aspect to achieve more on another. The
weights for Area 1 are shown in Table 7.4 and Figure 7.5
Table 7.4.  Weights for Area 1.
Descriptor Best value Worst value Weight
Noise (Area 1) 0 400 0.25
Natural area (Area 1) 0 40 0.125
Employment (Area 1) 1000 0 0.25
Accessibility (Area 1) e a 0.375
0 0.1 0.2 0.3 0.4
Noise Area1
Nat. area
Area1
Empl. Area1
Accessibility
Area1
Figure 7.5. Weights for Area 1.
Weights have a specific meaning, linked to the impacts involved. For instance, the weights
of Noise and Employment are exactly the same for Area 1. In the perspective of Area 1,
1000 additional jobs and 400 houses exposed to noise compensate each other. That is, it is
all right to accept additional noise for 400 houses provided 1000 jobs are created.
Accessibility has a higher weight. Thus, increasing accessibility from level a to level e is
more attractive that, for instance, providing 1000 additional jobs.
Once value functions and weights are established, the attractiveness of an alternative can
be computed with an additive value function model. The result for Area 1 is shown in
Figure 7.6
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Figure 7.6. Result of value function for Area 1: attractiveness of the various alternatives
for Area 1.
This result shows that, for Area 1, the best alternative is Alt2, followed (closely) by Alt3
and finally by Alt 1. Alt 2 is the best due to its good performances on noise and
accessibility (cf. Table 7.2), which have a high weight for Area 1.
Area 1 is concerned with the positive and negative impacts within its territory and
disregards any other aspect. Thus, Area 1 shows a purely selfish perspective, and from the
whole set of impacts, Area 1 is interested only in those affecting its territory. It is
important to stress that this result is only a relative comparison of alternatives: it does not
say if, in absolute terms, if results are good or bad, but only if one alternative is better or
worse than another.
7.3 The analysis from the perspective of Area 2
The same type of analysis can be carried out for Area 2. The difference is that Area 2
expressed a concern for natural areas not only for those within its territory, but also for
those in Area 3. The impact table for Area 2 is shown in Table 7.5The value functions
and the weights are shown in Figure 7.7 The ranges on which weights are assessed are
shown in Table 7.6
Table 7.5. Impact table for Area2.
Descriptor Units of measure Alt 1 Alt2 Alt3
Noise (Area 2) Houses 150 300 0
Natural area (Area 2)Hectares impacted 30 5 0
Natural area (Area 3)Hectares impacted 0 0 5
Employment (Area 2)Number of jobs created 200 400 100
Accessibility (Area 2)Qualitative scale b d c
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Figure 7.7. Value functions and weights for Area 2.
Table 7.6.  Weights for Area 2.
Descriptor Best value Worst value Weight
Noise (Area 2) 0 400 0.2
Natural area (Area 2) 0 40 0.3
Natural area (Area 3) 0 40 0.1
Employment (Area 2) 1000 0 0.2
Accessibility (Area 2) e a 0.2
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Figure 7.8. Attractiveness of the alternatives for Area 2.
7.4 The analysis from the perspective of Area3
Area 3 has a special position as concerns effects on natural areas. Concerns of Area 3
include the effects on Area 3 but also on the other two areas. In addition, the overall effects
on the landscape structure of the region is of importance for Area 3. This impact is
expressed through a qualitative scale in five levels:
a - no landscape impact;
b - limited, local landscape modifications;
c - limited but widespread landscape modifications;
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d - heavy changes in limited areas;
e - structural modification of landscape patterns in whole region.
The impact table for Area 3 is shown in Table 7.7 The value functions and the weights are
shown in Figure 7.9 The ranges on which weights are assessed are shown in Table 7.8
The overall result is shown in Figure 7.10.
Table 7.7. Impact table for Area 3.
Descriptor Units of measure Alt 1 Alt2 Alt3
Noise (Area 3) Houses 150 300 250
Natural area (Area 1)Hectares impacted 25 30 4
Natural area (Area2)Hectares impacted 30 5 0
Natural area (Area 3)Hectares impacted 0 0 5
Landscape (Region) Qualitative scale e c a
Employment (Area 3)Number of jobs created 500 500 250
Accessibility (Area 3)Qualitative scale d b b
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Figure 7.9. Value functions and weights for Area 3.
Table 7.8.  Weights for Area 3.
Descriptor Best value Worst value Weight
Noise (Area 3) 0 400 0.142
Natural area (Area 1) 0 40 0.071
Natural area (Area2) 0 40 0.071
Natural area (Area 3) 0 40 0.142
Landscape (Region) a e 0.071
Employment (Area 3) 1000 0 0.214
Accessibility (Area 3) e a 0.285
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Figure 7.10. Attractiveness of the alternatives for Ara 3.
7.5 The analysis from the perspective of the Region
Regional concerns include some of the local concerns plus concerns which are more
meaningful at a larger scale. Like Area 3, the Region is concerned for the effects on the
local natural areas and for the regional landscape pattern. The employment impact, at a
regional level, is measured again with a qualitative scale, which distinguishes between:
a - no additional jobs;
b - less than 800 jobs;
c - between 800 and 1200 jobs;
d - more than 1200 jobs, at least 500 in Area 3; Area 1 and 2 are unbalanced;
e - more than 1200 jobs, at least 500 in Area 3; Area 1 and 2 are balanced;
The region also includes a concern for accessibility and cohesion which are measured on
similar scales which distinguish between 5 levels, between a and e. Th  impact table for
the region is shown in Table 7.9 The value functions and the weights are shown in Figure
7.11. The ranges on which weights are assessed are shown in Table 7.10. The overall
result is shown in F gure 7.12.
Table 7.9. Impact table for Region.
Descriptor Units of measure Alt 1 Alt2 Alt3
Noise (Region) Houses 400 500 370
Natural area (Area 1) Hectares impacted 25 30 4
Natural area (Area2) Hectares impacted 30 5 0
Natural area (Area 3) Hectares impacted 0 0 5
Landscape (Region) Qualitative scale e c a
Global effects (Region)Emissions 40 40 25
Employment (Region) Qualitative scale b e d
Accessibility (Region) Qualitative scale c e c
Cohesion (Region) Qualitative scale c e c
Costs (Region) Monetary units 0.6 0.9 0.8
DTCS final report 97
Noise  Region
0
0.2
0.4
0.6
0.8
1
0 200 400 600 800
Nat. area Area1
0
0.2
0.4
0.6
0.8
1
0 10 20 30 40
Nat. area Area2
0
0.2
0.4
0.6
0.8
1
0 10 20 30 40
Nat. area Area3
0
0.2
0.4
0.6
0.8
1
0 10 20 30 40
Nat. area Region
0
0.2
0.4
0.6
0.8
1
a b c d e
Global effects
0
0.2
0.4
0.6
0.8
1
0 10 20 30 40
Empl.  Region
0
0.2
0.4
0.6
0.8
1
a b c d e
Accessibility Region
0
0.2
0.4
0.6
0.8
1
a b c d e
Cohesion
0
0.2
0.4
0.6
0.8
1
a b c d e
Costs Region
0
0.2
0.4
0.6
0.8
1
0 0.25 0.5 0.75 1
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
Noise  Region
Nat. area
Area1
Nat. area
Area2
Nat. area
Area3
Nat. area
Region Global
effects
Empl.
 RegionAccess.
Region
Cohesion
Costs
Region
Figure 7.11. Value functions and weights for the Region.
Table 7.10.  Weights for the Region.
Descriptor Best value Worst value Weight
Noise (Region) 0 800 0.082
Natural area (Area 1) 0 40 0.057
Natural area (Area2) 0 40 0.057
Natural area (Area 3) 0 40 0.057
Landscape (Region) a e 0.057
Global effects (Region) 0 40 0.063
Employment (Region) e a 0.170
Accessibility (Region) a e 0.170
Cohesion (Region) a e 0.170
Costs (Region) 0 1 0.114
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Figure 7.12. Attractiveness of the alternatives for the Region.
7.5.1 Total results
The overall results of the evaluation are shown in Figure 7.13. The Region and Area1
agree on the best choice (Alt2), while the other two units show different preferences.
Thus, a conflict between units occurs.
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Figure 7.13. Overall results.
7.5.2 Notes on the value models
The full set of concerns and descriptors used by all units is shown in Table 7.11. The
asterisks indicates concerns which are expressed by the unit. The shaded cells represent
concerns for impacts which occur within the unit borders. While Area1 cares only about
impacts within its borders (all asterisks in shaded cells), all others include in their
evaluation perspective impacts which are outside the unit’s territory. In the case of the
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region, the elementary impacts are the same of the individual areas, but the way they are
evaluated changes due to the scale effect.
Table 7.11. List of concerns for the policy units and impact descriptors. The q stands for
qualitative descriptor and Q for numerical descriptor.
Area of
concern
Concern Spatial distinctionDescriptor Area1 Area2 Area3 Reg.
Environment Noise Noise Area1 No. Houses > 57dB (Q) *
Noise Area2 No. Houses > 57dB (Q) *
Noise Area3 No. Houses > 57dB (Q) *
Noise Reg. No. Houses > 57dB (Q) *
Nat. Environment Nat. areas Area1 Area affected (ha) (Q) * * *
Nat. areas Area2 Area affected (ha) (Q) * * *
Nat. areas Area3 Area affected (ha) (Q) * * *
Nat. areas Reg. Landscape structure effects (q) * *
Glob. effects Reg.Green house emissions (tons) (Q) *
Economy Employment Empl. Area1 Jobs created (no) (Q) *
Empl. Area2 Jobs created (no) (Q) *
Empl. Area3 Jobs created (no) (Q) * *
Empl. Reg. Jobs created (no) (Q) *
Accessibility Access. Area1 Accessibility level (q) *
Access. Area2 Accessibility level (q) *
Access. Area3 Accessibility level (q) * *
Accessibility Reg.Accessibility level (q) *
Regional cohesionCohesion Reg. Cohesion level (q) *
Costs Costs Reg. Cost units (Q) *
7.6 Sensitivity analysis1
This example includes qualitative and quantitative impacts, point estimates of value
functions and numerical weights. Therefore, it is possible to verify the consequences of
uncertainty on impacts, value functions and/or weights by simulation and Montecarlo
method.
Sensitivity analysis is illustrated for Area1 and Area2. The information for the analysis is
reproduced in Table 7.12, which shows the descriptors, the value functions in tabular
format, the impacts of the alternatives and the corresponding values, the weights for each
descriptor and the overall value attached to each alternative.
The best option for Area1 is Alt2, and for Area2 is Alt3. The goal of sensitivity analysis is
to analyse the stability of these outcomes with respect to:
· uncertainty on the impacts;
· uncertainty on the value functions;
· uncertainty on the weights.
                                                  
1 This section is by Alberto Colorni, Eliot Laniado and Simona Muratori Consorzio MIP -
Politecnico di Milano, Milano, Italy
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Table 7.12. The data for policy units Area1 and Area 2.
Valuefunctions Alt1 Alt2 Alt3 W.
Noise Area1 Impacts 0 100 200 300 400 150 50 120
Values 1 0.87 0.31 0.13 0 0.59 0.94 0.76 0.25
Nat. areas Area1Impacts 0 10 20 30 40 25 30 4
Values 1 0.48 0.19 0.05 0 0.12 0.05 0.79 0.125
Empl. Area1 Impacts 0 250 500 750 1000 500 300 400
Values 0 0.11 0.3 0.5 1 0.3 0.15 0.22 0.25
Accessib. Area1Impacts a b c d e b c b
Values 0 0.2 0.42 0.7 1 0.2 0.42 0.2 0.375
Overall value 0.31 0.43 0.42
Value functions Alt1 Alt2 Alt3 W.
Noise Area2 Impacts 0 100 200 300 400 150 300 0
Values 1 0.87 0.31 0.13 0 0.594 0.127 1 0.2
Nat. areas Area2Impacts 0 10 20 30 40 30 5 0
Values 1 0.48 0.19 0.05 0 0.05 0.74 1 0.3
Nat. areas Area3Impacts 0 10 20 30 40 0 0 5
Values 1 0.48 0.19 0.05 0 1 1 0.74 0.1
Empl. Area2 Impacts 0 250 500 750 1000 200 400 100
Values 0 0.11 0.3 0.5 1 0.088 0.224 0.044 0.2
Accessib. Area2Impacts a b c d e b d c
Values 0 0.2 0.42 0.7 1 0.2 0.7 0.42 0.2
Overall value 0.29 0.53 0.67
7.6.1 Uncertainty on the weights: weights which change is fixed
proportions
Let us consider Area2, and suppose that there is uncertainty on the relative importance of
the impacts on natural areas for Area2 and Area3. We start the analysis by assuming that
the weights w2 and w3 (of the natural areas) vary of the same percentage p in comparison
to the other weights. If w2 and w3 increase, the other weights decrease to respect the
normalisation condition, and vice-versa. Table 7.13 shows the results with different levels
of p: -20% £ p £ 20%.
Table 7.13. Overall value of the alternatives for different percentage of variation (p) for
the weights of w2 and w3 (the best alternative is underlined).
p=-20% p=-10% p=0% p=10% p=20%
V(Alt1) 0.292 0.292 0.291 0.291 0.291
V(Alt2) 0.496 0.514 0.532 0.550 0.569
V(Alt3) 0.631 0.649 0.667 0.685 0.703
As it can be see, within this range of uncertainty Area2 is not sensitive to weight
variations. The best solution for Area2 remains always Alt3.
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7.6.2 Uncertainty on the weights: all weights change simultaneously
If all weights are changed simultaneously, then a different analysis has to be performed.
Let us consider Area1, which prefers Alt2. The problem here is to find the vector wnew of
new weights which is at minimum distance (the minimum angle distance, i.e. at maximum
cosine distance) from the original set of weights wgiven for which a rank reversal occurs. In
formulas, this corresponds to:
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The solution to this double mathematical programming problem is shown in Table 7.14.
The vector wnew at minimum angle distance from the original one produces a rank reversal
between policy Alt2 and Alt3. The cosine distance between vectors wnew and wgiven is
0.994, which corresponds to an angle of ~2 degrees (the possible range is 0¸90 degrees).
This means that the set of weights which produces the rank reversal between Alt2 and
Alt3 is very close to the original vector, indicating that a small variation of the weights can
change the ranking of the alternatives.
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Table 7.14. The two vectors Wnew and Wgiven for Area1.
wgiven wnew
0.250 0.244
0.125 0.141
0.250 0.249
0.375 0.366
The same analysis carried out for Area2 (for which the best choice is Alt3). The set of
weights which produces rank reversal (wnew) puts Alt2 in the best position (Table 7.15).
The cosine distance between wnew and wgiven is 0.908, which corresponds to an angle of
~11,4 degrees. This indicates that the situation is much more stable in this case, and that
some significant weight variations need to take place to change the outcome of the
evaluation.
Table 7.15. The two vectors wnew and wgiven for Area2.
wgiven wnew
0.2 0.275
0.3 0.320
0.1 0.052
0.2 0.186
0.2 0.167
7.6.3 Sensitivity on impacts
Let us consider the case of Area2. If there is uncertainty on the impacts, for instance, on
the natural areas for Area2, and if it there is a real possibility of systematically under- or
over-estimating these impacts, then a sensitivity analysis for impact variations based on
fixed proportions can be carried out. Table 7.16 shows the results of the analysis for
different percentage variations of the impact on natural areas.
The global performance of Alt3 does not change for any value of p, since this policy option
has no impacts on natural areas of Area3. However, Alt2 gets closer to Alt3 only for very
significant reductions of impact, which indicates that this impact alone is not a source of
uncertainty in the conclusions of the study.
Table 7.16. Global performances of the three policy options for different values of p.
p=-30% p=-20% p=-10% p=0% p=10% p=20% p=30%
V(Alt1) 0.329 0.317 0.304 0.291 0.287 0.282 0.278
V(Alt2) 0.556 0.548 0.540 0.532 0.524 0.517 0.509
V(Alt3) 0.667 0.667 0.667 0.667 0.667 0.667 0.667
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7.7 Conflict analysis
7.7.1 Ordinal conflict analysis
The analysis of rank reversals based on RANKI is shown in Table 7.17 and in Figure 7.14.
These results show that the highest conflict is between Area2 and Area3, which have a
complete rank reversal of the options.
Table 7.17. The rank reversal table (left) shows the number of rank reversals between
the row units and the column unit. The RANKI table (right) shows the
RANKI index for row and column units.
Region Area1 Area2 Area3
Region 0 1 2
Area1 1 2
Area2 3
Area3 Area3
Region Area1 Area2 Area3
Region    0 1/3 2/3
Area1 1/3 2/3
Area2    1
0 0.2 0.4 0.6
TOTAL
Alt3
Alt2
Alt1
0 0.2 0.4 0.6 0.8
TOTAL
Alt3
Alt2
Alt1
0 0.1 0.2 0.3 0.4 0.5
Total
Alt3
Alt2
Alt1
0 0.2 0.4 0.6 0.8
TOTAL
Alt3
Alt2
Alt1
No conflict
Moderate conflict (1rr)
Strong conflict (2rr)
Very strong conflict (3rr)
0
1/3
1/3
1
2/3
2/3
Region
Area1
Area2
Area3
Figure 7.14. Ordinal conflict analysis based on rank reversals.
7.7.2 Cardinal conflict analysis
Cardinal conflict analysis is based on the comparison of the overall values of the
alternatives, re-scaled against two profiles. Table 7.18shows the neutral and target
profiles for all units. The neutral profile corresponds, in this example, to the status quo;
while the target profile corresponds to an ideal outcome, in which only positive results are
obtained at no costs.
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Table 7.18. Neutral and reference profiles for all units.
AREA1 Concern Spatial distinctionDescriptor Neutral
(status quo)
Target
profile
Environment Noise Noise Area1 No. Houses > 57dB (Q) 0 0
Nat. Environment Nat. areas Area1 Area affected (ha) (Q) 0 0
Economy Employment Empl. Area1 Jobs created (no) (Q) 0 300
Accessibility Accessibility Area1 Accessibility level (q) a c
AREA2 Concern Spatial distinctionDescriptor Neutral
(status quo)
Target
profile
Environment Noise Noise Area2 No. Houses > 57dB (Q) 0 0
Nat. Environment Nat. areas Area2 Area affected (ha) (Q) 0 0
Nat. areas Area3 Area affected (ha) (Q) 0 0
Economy Employment Empl. Area2 Jobs created (no) (Q) 0 200
Accessibility Accessibility Area2 Accessibility level (q) a c
AREA3 Concern Spatial distinctionDescriptor Neutral
(status quo)
Target
profile
Environment Noise Noise Area3 No. Houses > 57dB (Q) 0 0
Nat. Environment Nat. areas Area1 Area affected (ha) (Q) 0 0
Nat. areas Area2 Area affected (ha) (Q) 0 0
Nat. areas Area3 Area affected (ha) (Q) 0 0
Nat. areas Reg. Landscape structure effects (q) a a
Economy Employment Empl. Area3 Jobs created (no) (Q) 0 500
Accessibility Accessibility Area3 Accessibility level (q) a c
REGION Concern Spatial distinctionDescriptor Neutral
(status quo)
Target
profile
Environment Noise Noise Reg. No. Houses > 57dB (Q) 0 0
Nat. Environment Nat. areas Area1 Area affected (ha) (Q) 0 0
Nat. areas Area2 Area affected (ha) (Q) 0 0
Nat. areas Area3 Area affected (ha) (Q) 0 0
Nat. areas Reg. Landscape structure effects (q) a a
Global effects Reg.Green house emiss. (tons) (Q) 0 0
Economy Employment Accessibility Reg. Jobs created (no) (Q) a c
Accessibility Accessibility Area1 Accessibility level (q) a c
Regional cohesionCohesion Reg. Cohesion level (q) a c
Costs Costs Reg. Cost units (Q) 0 0
On the basis of these reference profiles, the results of the evaluation of each unit can be re-
scaled. In Table 7.19, the score of 1 is attached to the target profile for the unit, and the
score of 0 to the status quo. A positive value can now be interpreted as an attractive
outcome; a value higher than one as a performance superior to the reference profile; and a
negative value as a loss compared to the status quo. The same values are shown in Figure
7.15.
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Table 7.19. Overall values re-scaled against neutral and target profiles.
Alt1 Alt2 Alt3
Region -1,38 1,49 -0,31
Area1 -0,32 0,31 0,23
Area2 -3,04 -0,67 0,66
Area3 0,24 -0,32 -0,45
Region
-3
-2
-1
0
1
Alt1
Alt2
Alt3
Area1
-3
-2
-1
0
1
Area2
-3
-2
-1
0
1
Area3
-3
-2
-1
0
1
Figure 7.15. Overall values re-scaled against neutral and target profiles. The black
thick line indicates the status quo (the neutral level in this example).
Figure 7.16 shows that Area1 and Region share a common attractive solution (Alt2). The
same happens between Area1 and Area2 for Alt3. None of the alternatives is
simultaneously attractive for all units.
None
at least 1
Region
-3
-2
-1
0
1
Alt1
Alt2
Alt3
Area1
-3
-2
-1
0
1
Area2
-3
-2
-1
0
1
Area3
-3
-2
-1
0
1
A2
-
-
-
-
A3
Figure 7.16. Alternatives which are attractive for pairs of units.
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The collective attractiveness V+(a) and unattractiveness V-(a) of each alternative is shown
in Figure 7.17. The collective attractiveness (V+) i highest for Alt2, while the collective
unattractiveness is highest for Alt1. The lower values of both indices are attached to Alt3.
This means that:
· It will be very difficult to find an agreement on Alt1 (best for Area3) since it is globally
very unattractive.
· Alt2 is rather controversial, since it is both rather attractive and significantly
unattractive: some units find it a good solution, while other find it a bad solution.
· Alt3 is the least controversial, neither particularly attractive, nor unattractive.
-1.50
-1.00
-0.50
0.00
0.50
1.00
Alt1
Alt2 Alt3
Collective
attractiveness
Collective
unattractiveness
Figure 7.17. Collective attractiveness and unattractiveness of all alternatives.
The IMCHA and GIMCHA indices are shown in Table 7.20 and Figure 7.18. The
IMCHA specifies how much a unit should give up to achieve at least a common attractive
alternative with another unit. In this case, the largest value corresponds to Alt3. This
alternative is attractive for Area3, but is extremely unattractive for Area2. The GIMCHA
takes on the largest value for Area3, indicating that all other units will have to give up a lot
to accept Alt3, which is attractive (and best) for Area3.
Table 7.20. Index of minimum change. The table shows, in each cell, the IMCHA score
and the alternative(s) which become attractive for the column and row units.
The GIMCHA score refers to the row unit.
Region Area1 Area2 Area3
Region 0.00   0.67  0.32  0.99
 GIMCHA
Alt2
Alt2
Alt3
Alt3
Alt2 Alt2 Alt2
Area1 0.00 0.00  0.32  0.32
 Alt2 Alt3 Alt2
Area2   0.31 0.00  0.45  0.76
Alt3         Alt3 Alt3
Area3  1.38  0.32  3.04  4.73
Alt1 Alt1 Alt1   Alt1
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Change Alt1
Change Alt2
Change Alt3
Region
-3
-2
-1
0
1
Alt1
Alt2
Alt3
Area1
-3
-2
-1
0
1
Area2
-3
-2
-1
0
1
Area3
-3
-2
-1
0
10.32
0.32
0.45
3.04
0.31 0.67
0.32
1.38
Figure 7.18. Index of minimum change.
The IMLOSS is shown in Table 7.21 and in Figure 7.19. The maximum IMLOSS
corresponds to Area2-Area3. This means that accepting the best choice of Area3 would
mean a large sacrifice for Area2. All considered, the GIMLOSS is highest for Area3,
implying that all other units have to give up a lot to accept the option which is best for
Area3.
Table 7.21. Index of maximum loss. The table shows, in each cell, the IMLOSS score.
The GIMLOSS score refers to the column unit.
GIMLOSS
Region Area1 Area2 Area3
Area3 0.56 0.56 0.69
1.88 1.88 2.56 7.19
Region 0.00 1.80 2.87
Area1 0.00 0.07 0.62
Area2 1.32 1.32 3.70
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0 - 0.5
0.5 - 1
1 - 2
Reg ion
-3
-2
-1
0
1
1
A lt1
A lt2
A lt3
Area1
-3
-2
-1
0
1
1
A r e a 2
- 3
-2
-1
0
1
1
Area3
-3
-2
-1
0
1
1
0.56
0.62
0
1.32
0.69
3.7
1.80 1.32
0.56
2.87
>2
0
0.07
Figure 7.19. Index of maximum loss.
Finally, the IREP and GIREP are shown in Table 7.22 and Figure 7.20. The IREP is
maximum for Area2-Area3. In line with the IMLOSS and GIMLOSS indications, this
means that that accepting the best choice of Area3 would mean a large sacrifice for Area2.
All considered, the GIREP is highest for Area3, implying that all other units have to give
up a lot to accept the option which is best for Area3.
Table 7.22. Index of unattractiveness. The table shows, in each cell, the IREP score. The
GIREP score refers to the column unit.
GIREP
Region Area1 Area2 Area3
Region 0.00 0.31 1.38
Area1 0.00 0.00 0.32
Area2 0.67 0.67 3.04
Area3 0.32 0.32 0.45
0.99 0.99 0.76 4.73
DTCS final report 109
0
0 - 0.5
0.5 - 1
1 - 2
R e g i o n
-3
-2
-1
0
1
1
Alt1
Alt2
Alt3
Area1
-3
-2
-1
0
1
1
A r e a 2
-3
-2
-1
0
1
1
Area3
-3
-2
-1
0
1
1
0
0
0.32
0.32
0
0.67
0.45
3.04
0.29 0.67
0.32
1.27
>2
Figure 7.20. Unit’s unattractiveness of another unit’s best.
7.7.3 Summary of conflict analysis
Table 7.23 offers a summary of the indications of the various indices presented in this
section and their relevance for the example case.
Table 7.23. Summary of the indications of the conflict indices on the example case.
Index Result on the example case
RANKI: ranking ordinal conflict index;Max conflict between Area 2 and Area 3. The rankings are
reversed.
IMCHA: index of minimum change IMCHA is max for Area2 to achieve a common alternative
(Alt1) with Area 3. Thus, it will be difficult to choose Alt1
since Area2 would have to give-up a lot.
IMLOSS: index of maximum loss IMLOSS is max for Area2 to satisfy Area3 best option (Alt1)
IREP: index of unattractiveness; IREP is maximum for Area2 to choose the best for Area3
(Alt1)
GIMCHA: global index of minimum
change;
GIMCHA is max for Area3 (4.73) to achieve Alt1 as a
common attractive unit. GIMCHA is minimum for Area1, to
make Alt2 attractive for all. Alt2 is thus a candidate
compromise solution
GIMLOSS: global index of maximum
loss;
GIMLOSS is max (2.56) for Area 2 (Alt1) and minimum for
Area1 and the region (Alt2). Thus, by choosing Alt2 (preferred
for Area1 and the Region), all other units lose the least
possible.
GIREP: Global index of
unattractiveness;
GIREP is maximum for Area3: all others should give-up a lot
to make Alt1 attractive. GIREP is minimum for Area2: all
others have to give up the least to choose the best option of
Area2 (Alt3)
V+ : collective attractiveness of an
alternative; V-: collective
unattractiveness of an alternative
V+ is maximum for Alt2 ; V+ is minimu for Alt1
V- is minimum for Alt1 ; V- is maximum for Alt3
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This suggests that Alt2 and Alt3 could be investigated further as candidate compromise
solutions. Figure 7.21 shows the maximum and minimum values for the group indices. As
it can be seen, Area3 shows very high values for all indices, indicating that for the other
units:
1. the best option of Area3 is very unattractive (GIREP);
2. that it would make a big effort to make it at least attractive (GIMCHA), and;
3. it would be extremely hard to turn it as best choice for the others (GIMLOSS).
R e g i o n
-3
-2
-1
0
1
1
Alt1
Alt2
Alt3
A r e a 1
-3
-2
-1
0
1
1
A r e a 2
-3
-2
-1
0
1
1
Area3
-3
-2
-1
0
1
1
GIREP .99 .99 .760 4.73
GIMCHA .99 .32 .760 4.73
GIMLOSS 1.88 1.88 2.56 7.19
Figure 7.21. Synthesis of conflict analysis for each unit against all others.
Figure 7.22 shows the analysis from the perspective of the single alternatives. Alt1 is
mostly unattractive and thus a bad candidate for compromise. Alt2 shows higher positive
and negative scores that Alt3, indicating that it is more controversial. Thus Alt3 could be a
starting point to search for a compromise solution.
-1.50
-1.00
-0.50
0.00
0.50
1.00
Alt1
Alt2 Alt3
Attractive for: Area3 Area1 Area1
Region Area2
Unattractive for: Area1 Area2 Area3
Area2 Area3 Region
Region
Figure 7.22. Synthesis of conflict analysis based on the alternatives.
7.7.4 Exploring conflict resolution possibilities
The following Figure 7.23 shows an examples of strategy for the identification of
measures which could reduce conflicts between the units. Starting from the indications of
the indices of global attractiveness and unattractiveness, Alt3 appears to be a promising
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alternative on which to base the search for conflict resolution measures. This alternative is
unattractive for Area3 and the Region (the units which proposed the highway). Thus,
conflict resolution measures aim at searching which impact changes would make Alt3 at
least attractive for these two units.
Figure 7.23 shows that the critical impacts of Alt3 in Area3 are the employment and
accessibility impacts. These are critical impacts because they combine bad performances
on important concerns (high weights). Thus, changes in these impacts are expected to
bring about the best improvements of Alt3, making it less unattractive. The lower part of
the figure shows the minimum changes necessary to make Alt3 at least neutral, so that it
can be considered as a possible solution for Area3.
Descriptor Alt 1 Alt2 Alt3
Noise (Area 3) 150 300 250
Natural area (Area 1)25 30 4
Natural area (Area2)30 5 0
Natural area (Area 3)0 0 5
Landscape  (Region)e c a
Employment (Area 3)500 500 250
Accessibility (Area 3)d b b
Weight
0.142
0.071
0.071
0.142
0.071
0.214
0.285
Critical impactsAccessibility Area3 22.9
Empl. Area3 19.1
Noise Area3 11.1
Nat. area Area3 3.7
Nat. area Area1 1.5
Nat. area Area2 0.0
Nat. area Region 0.0
Descriptor Alt 1 Alt2 Alt3
Noise (Area 3) 150 300 225
Natural area (Area 1)25 30 4
Natural area (Area2)30 5 0
Natural area (Area 3)0 0 4
Landscape  (Region)e c a
Employment (Area 3)500 500 290
Accessibility (Area 3)d b c
Area3
-3.00
-2.00
-1.00
0.00
1.00
1
Area3
-3
-2
-1
0
1
Figure 7.23. Exploring conflict resolution measures: increasing the status of Alt3 for
Area3 so that it becomes the best option.
Figure 7.24 shows the results of the analysis for all units and the areas where impacts
should be mitigated or compensated to increase the status of Alt3. The changes may affect
the evaluation of all units, since the impacts of Alt3 on Area3 may also be relevant for the
other units. This means that the analysis may require sequential tunings, so that Alt3
becomes simultaneously attractive or neutral for all units.
In this case the impact changes regard the impacts of Alt3 only in Area3. The changes in
noise and natural area impacts can be addressed in terms of mitigations. The impacts on
employment and accessibility are more difficult to address by simply modifying the design
of Alt3. This shows that additional measures that tackle accessibility and employment need
to be considered to make Alt3 attractive for all units.
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Figure 7.24. Exploring conflict resolution measures: increasing the status of Alt3 for
Area3 so that it becomes attractive for all units.
Figure 7.25 shows another example of the search for measures which could reduce
conflicts. Starting from the indications of the GIREP index, in this case the goal is to make
one alternative best for all units. The GIREP index indicates that this is more convenient
for Alt2. The figure shows that the critical impacts of Alt2 in Area2 are noise and impacts
on natural areas. The lower part of the figure shows the minimum changes necessary to
make Alt2 best for Area2.
Figure 7.26 shows the results of the analysis for all units and the areas where impacts
should be mitigated or compensated to increase the status of Alt2. In this case the impact
changes regard the impacts of Alt2 in Area2 and Area3. Compared to the previous case,
the changes are more substantial, which is obvious since Alt2 is now pushed to become
not only attractive for all units, but best for all.
Similar exercises can be done for all indices of conflict, possibly resulting into different
recommendations. As stressed before, these indications are only a suggestions for
improving the design of policy measures. They are not, and they should never be
interpreted as, conflict minimisation mechanisms which replace the debate and negotiation
between the actors involved. The use of these tools as search lights is meant to support this
interaction process.
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Descriptor Alt 1 Alt2 Alt3
Noise (Area 2) 150 300 0
Natural area (Area 2)30 5 0
Natural area (Area 3)0 0 5
Employment (Area 2)200 400 100
Accessibility (Area 2)b d c
Weight
0.2
0.3
0.1
0.2
0.2
Noise Area2 20.00
Nat. area Area2 3.78
Nat. area Area3 0.00
Empl. Area2 0.00
Accessibility Area2 0.00
Critical impacts
Area2
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
TOTAL
Descriptor Alt 1 Alt2 Alt3
Noise (Area 2) 150 120 0
Natural area (Area 2)30 4.5 0
Natural area (Area 3)0 0 5
Employment (Area 2)200 400 100
Accessibility (Area 2)b d c
Weight
0.2
0.3
0.1
0.2
0.2
Area2
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
TOTAL
Figure 7.25. Increasing the status of Alt2 to make it the best alternative.
15 Km
Alfa
Gamma
Epsilon
Theta
River
R
iv
e
r
A1
A2
A3
Alf
a-D
elta
 Ra
ilw
ay
Beta
Nat5 Nat4
Nat3
Nat2
Nat1
Nat6
Alt 2
Delta
Noise
Nat.area
Access.
A r ea 3
A r ea 2
A r ea 1
Region
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
TOTAL
Area1
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
Total
Area2
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
TOTAL
Area3
0
0.1
0.2
0.3
0.4
0.5
0.6
TOTAL
Figure 7.26. Changes to Alt2 to make it the best alternative.
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Part 3
 Applications
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8. An overview of the applications
This part of the report includes four case studies and the description of a software
application which supports the DTCS methodology. All case studies are based on the
same approach but the specific conditions of each case are such that some parts of the
methodology are better suited than others. Table 8.1 shows an overview of the content of
the case studies and of the parts of the DTCS methodology which have been applied in
each case.
Table 8.1 Overview of the case studies.
CTRL: Channel
Tunnel Rail
Link (UK)
Betuweroute
freight railway
(NL)
Lombardy
public bus
service
(I)
Lisbon region
road system
(P)
Issues consideredLocation of
Ashford station,
route through the
Medway,
location of
intermediate
stations
Acceptability of
the Betuweroute
at local and
regional levels
Zoning of
Lombardy to
introduce
competition
between bus
companies
Packages of road
links to increase
quality and
accessibility of
road system in
the Lisbon
region
Ex-ante/ex-post Ex-post; ex-anteEx-post
The case also
analyses the
results of public
participation in
the decision
process
Ex-ante Ex-ante
Policy units
involved
(cf. Section 2.4)
Supra-national,
national,
regional, local
(National),
regional, local
(National)
regional local
National,
regional, local
Problem
structuring
(cf. Section 4.2)
Analysis of the objectives and concerns of policy units, selection of
descriptors, analysis of impacts for each policy unit with a GIS platform,
association of impact profiles to each policy option and to each policy unit
Value functions
(cf. Section 4.3)
Assessment for
simulation
purposes
Assessed
interacting with
policy actors
Assessed
interacting with
policy actors
Assessed
interacting with
policy actors
Weights
(cf. Section 4.3)
Assessment for
simulation
purposes
Assessed
interacting with
policy actors
- Assessed
interacting with
policy actors
Results of value
model
(cf. Section 4.3)
Attractiveness of
locations of
Ashford station,
Medway routes,
intermediate
stations, for
national,
regional and
local units
Attractiveness of
the Betuweroute
for regional and
local units
Graphical
representation of
the value
performances of
different zoning
options for
regional and
local units
Attractiveness of
road packages
for regional and
local units
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Continued
CTRL: Channel
Tunnel Rail
Link (UK)
Betuweroute
freight railway
(NL)
Lombardy
public bus
service
(I)
Lisbon region
road system
(P)
Sensitivity
analysis
(cf. Chapter 5)
- - - Sensitivity and
robustness of
weights
Framework
(cf. Section 6.1)
IS-IE, GS-IE IS-IE GS-IE GS-GE
Conflict analysis
(cf. Sections 6.4
and 6.5)
Ordinal
comparison of
rankings of
options for
different units,
qualitative
analysis of
conflicts
Cardinal analysis
of the
attractiveness of
the railway for
regional and
local actors
Qualitative,
graphical
analysis of
differences
between units
Ordinal and
cardinal analysis
of the
attractiveness of
road packages
for different
units
Feedback
(cf. Section 6.7)
- Analysis of
critical values
and impacts;
qualitative
assessment of
mitigations,
compensations
and additional
measures
- Generation of
two additional,
packages which
reduce conflicts
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9. Case study: the Channel Tunnel Rail Link
Roger Vickerman and Charlotte Norman
Centre for European, Regional and Transport Economics
University of Kent at Canterbury, Canterbury, UK
9.1 Introduction
The Channel Tunnel Rail Link (CTRL) plans to connect the 110 kms (68 miles) distance from
the Channel Tunnel portal at Folkestone to St Pancras in London. This link is the British sec-
tion of the North European High Speed Rail Network or PBKAL (Paris-Brussels-Kln-
Amsterdam-London). PBKAL is part of one of the Trans-European Networks (TENs) in the
European Union (for further details see Norman and Vickerman, 1997a, 1997b). The Channel
Tunnel Rail Link Bill finally received Royal Assent in December, 1996 marking the end of a
long and protracted planning procedure lasting nearly ten years (for full details see Norman
and Vickerman, 1998). The passing of the Hybrid Bill confirmed the routing of the CTRL
and granted permission for the construction stage to commence once the necessary finance
had been raised.
During the planning procedure decisions had to be made concerning the route of the CTRL
through the County of Kent and London Boroughs. This has involved conflicts between inter-
ested parties (policy units) at various levels of the planning hierarchy. These conflicts have in-
volved both vertical conflicts between national, regional and local governments and horizontal
conflict between regional and local governments. The three main issues which have been
analysed in-depth involving both vertical and horizontal conflict resolution have been the
crossing over the Medway, the route through Ashford, and the location of intermediate sta-
tions. These decisions involved compromises between engineering constraints and environ-
mental and economic impacts.
9.2 Defining policy units
The routing and station location issues affect numerous administrative and statutory bodies in
the course of the planning process which represent various levels in the planning hierarchy.
Each of these affected bodies has concerns which they wish to see fulfilled, dispelled or
minimised by the final decision, which are sometimes conflicting. For the purposes of this
analysis the various organisations and administrative bodies involved in the planning proce-
dure will be referred to as policy units. In a given context a policy unit is defined as an area
which is uniform for the purposes of decision analysis and has the power to make a decision
and implement a policy. Therefore, those groups such as affected parties, residents and action
groups, whose aim is to influence decisions but have no statutory, or other constitutional
power in the decision making process do not constitute policy units. Instead those groups are
referred to as stakehold rs.
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Policy units in this case study include elected bodies such as County Councils, Dis-
trict/Borough Councils or purely administrative authorities. A policy unit is not only repre-
sented by a group of administrative areas which make up a collective body representing
shared interests, but also those which cut across several administrative borders but which are
uniform for policy purposes. An example of these types of area are protected areas such as in
this case Sites of Special Scientific Interest, Areas of Outstanding Natural Beauty and Na-
tional Nature Reserves.
Policy units are represented by one or more policy actor who is involved in evaluating the
suitability of potential policy actions according to the actors’ value system. Figur 9.1 shows
an example of the way in which policy units are related. In this case study the planning system
forms a hierarchical structure starting at the top with the supra-national level which comprises
the European Commission and the Community of European Railways and working down to
the second tier, the national level, represented by Union Railways/Department of Transport
and the Environmental Forum. Union Railways (now part of the private consortium London
and Continental) and the Department of Transport (since 1997 the Department of the Envi-
ronment, Transport and the Regions) act on behalf of the Government and are empowered to
design and build the Channel Tunnel Rail Link. The Environmental Forum (including the
Countryside Commission, English Heritage, English Nature and the Environment Agency)
has a statutory right as a group of environmental organisations to be consulted on the scope of
an Environmental Assessment (EA) of a major project of this nature. The third tier, the re-
gional level, comprises County Councils and the fourth tier is the local level, District/Borough
Councils.
European Union
(EU)
r  i
( )
Community of 
European Railways
it  f 
r  il s
Union Railways - 
Department 
of Transport
(UR/DOT)
Environmental 
Forum
(EF)
ir t l 
r
( )
Kent County Council
(KCC)
t t  cil
( )
Gravesham DCr s  Rochester
City Council
c st r
it  cil
Tonbridge
DC
riMaidstone
DC
i st
Supra-national
National
Regional
Local
Figure 9.1 Hierarchical relationship between policy units involved in the crossing over the
Medway.
Since railways are approved by an Act of Parliament only parliament is a sovereign decision
making unit, all other policy units and stakeholders can only make representations to parlia-
DTCS final report 121
ment, lobby their representatives at the time of taking the basic decision to approve the project
and petition with detailed concerns or suggested amendments. However, policy units have
specific decision making powers of their own which derive from parliament (statutory pow-
ers) such that within the terms of the Act, they have certain duties and responsibilities, such
as local planning matters, environmental protection etc. For this reason they carry certain
weight in the decision making process since parliament is aware that it can only legislate in
such a way that these bodies can carry out its wishes.
In most hierarchical structures of decision making it is the highest level of authorities which
carries the ultimate power to decide. In this case there is a further interesting allocation of
powers, however. Through the concept of subsidiarity the European Union delegates powers
of decision over the specifics of transport projects, including those designated as TENs to the
individual member states, except insofar as it stipulates certain minimum standards, e.g. of
environmental impact assessment, which must be complied with, especially if EU finance is
to be involved. This can however mean that conflicts arise between the national governments
of different member states where decisions taken one side of a national border may affect the
route or the viability of an investment the other side.
The areas involved in the case study and the decision issues analysed in this chapter are illus-
trated in Figure 9.2.
9.3 Policy units concerns
Issues were selected from the CTRL decision making process which caused points of conflict
at various stages. Particularly critical were the choice of the route through the Medway sec-
tion, the location of the station at Ashford, and the location and number of the possible inter-
mediate stations between Ashford and London. Policy actors were interviewed to elicit their
concerns about the three issues. During these interviews each policy actor discussed their role
in the decision making process, and their concerns on the various issues providing both a level
of specificity and reasons why the concerns identified were important.
The concerns expressed by each the policy actors involved in the three issues have been com-
piled into a composite list of all concerns (see Table 9.1). This table distinguishes between
four main areas of concern: quality of life, ecosystems, quality of land and business and econ-
omy. Each of the concerns under the four main headings has been given a full description
which explains why the concern is important in the context of the three issues being analysed.
Individual concerns have also been assigned a descriptor which enables a concern to be
measured in terms of the degree of impact. For example, severance which is described as
“the separation of land, property or communities reducing access and viability”, is assigned a
descriptor which allows severance to be measured: the number of times the Channel Tunnel
Rail Link crosses access to rural land e.g. tracks or roads (see Table 9.2).
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Figure 9.2. The Channel Tunnel Rail Link. The map shows the decision issues analysed in this chapter: the route through the Medway section; the
location of the station at Ashford; and the location and number of the intermediate stations between Ashford and London.
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Table 9.1. Policy units concerns over the: Ashford routing, the Medway crossing, the
location of intermediate stations.
Quality of
Life
Noise - Noise and re-radiated noise generated by the construction and operation of the Rail Link
may cause disturbance to people in its vicinity. Noise effects will be most significant at locations
where the alignment passes close to dwellings or properties of a sensitive nature such as hospi-
tals, schools, theatres or places of worship. The effect will generally be greater where baseline
noise levels are low.
Demolitions - The construction of the Rail Link will require a number of buildings (houses,
schools, community facilities) to be demolished either because they are in its direct path or be-
cause they will suffer settlement problems due to tunnelling.
Severance - The separation of land, property or communities reducing access and viability.
Traffic - Increased traffic resulting from the construction of the Rail Link may cause delays to
travellers by private and public transport.
Accessibility - Nearness to National Roads Network.
Accidents -The construction and operation of intermediate stations is likely to cause an increase
in traffic which will result in higher road accidents both to pedestrians and drivers.
Rural recreation sites - The construction and operation of the Rail Link can affect rural recrea-
tion sites, e.g. woodland and picnic sites.
Ecosystems Water - Engineering works, particularly tunnelling, can affect hydrology and hydrodynamics over
a wide area. The geology of Kent, in particular its wide tracts of chalk, gives rise to some impor-
tant sub-surface areas of porous rock with great water storage capacity. These aquifers are im-
portant groundwater resources as are surface water courses. Contaminated land may present
problems to both ground and surface water if it is disturbed or removed during construction
causing the possible release of contaminants into water sources and possible causing long term
damage to ecosystems.
Ecological impacts - The construction and operation of the Rail Link may disturb a variety of
sensitive habitats along the route. Habitats are classified according to their importance, under
national designations such as Sites of Special Scientific Interest (SSSI’s); under County/London
designations such as Sites of Nature Conservation Interest (SNCI) or Sites of Metropolitan Inter-
est (SMI); or under a variety of local designations such as Sites of Borough Importance (SBI) or
Nature Reserves (NR).
Quality of
Land
Visual impacts - High level impact on high quality area of landscape which is also likely to be a
designated landscape of national, regional or local importance. In urban areas, the route’s prox-
imity to dwellings will be important, while in rural areas it will be the relationship between the
alignment and its setting in attractive countryside.
Historical/ cultural - Archaeological remains and the structure of historic buildings may be af-
fected by engineering works; the setting of historic buildings or features may also be affected by
construction or the finished railway and these are valued sites.
Rural land take - Amount of rural land consumed by the construction and operation of the rail
link or intermediate stations.
Business and
Economy
Loss of jobs - Number of jobs lost from the area (Kent and London Boroughs) due to the disrup-
tion of business operations as a result of the construction of the CTRL and the intermediate sta-
tions.
Business relocation - Number of businesses moving out of local area (Boroughs) because they
were unable to find suitable alternative premises within the same Borough.
Economic generation capacity - Number of jobs predicted to be created due to the building of
the intermediate stations.  Also the number of jobs predicted to be attracted to an area prior to the
CTRL development which are no longer likely to be attracted to the local area due to the route of
the new line and intermediate stations.
Penalty to international travellers - Time to and across London. The time saving across London
is of benefit to potential travellers to and from other regions of the UK by eliminating the time
penalty of changing stations between those serving Northern regions and the existing interna-
tional station at Waterloo.
Efficiency of domestic connection - Convenience of transferring from domestic to international
station and vice versa at Ashford, Kent.
Building Costs - The amount of money needed to achieve different options for the routing of the
CTRL.
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Table 9.2. Descriptors for policy units concerns involved in Ashford routing, crossing
over the Medway, location of intermediate stations.
Quality
of Life
Noise - Number of dwellings within 500 metres horizontal distance in urban areas and within 1
kilometre of track-pair centreline in rural areas affected by 3dB La q change over 18 hr period or
noise exceeding trigger levels. Re-radiated noise: significant at 35 dBLamax for rural areas and
40dBLAmax for urban areas.
Demolitions - Number of dwellings, and community resources (Libraries, schools, hospitals, shops
and recreational facilities etc.) to be demolished.
Severance - Number of times the CTRL crosses access to rural land e.g. tracks and roads.
Traffic- Predicted change in car numbers.
Accessibility - Various measures can be adopted: Population within given time/distance or time to
national routes.
Accidents - Predicted change in accident numbers.
Rural recreation sites - Number of rural footpaths and bridlepaths transversed by the CTRL or the
intermediate stations. Number of rural recreational areas transversed by the CTRL or the intermedi-
ate sta ions.
Ecosyste
ms
Water - Length of route within Aquifer Protection Zones (APZ’s) 1 and 2 affected temporarily.
Length of route within Aquifer Protection Zones (APZ’s) 1 and 2 affected permanently. Number of
surface and ground water supply points potentially affected temporarily. Number of surface and
ground water supply points potentially affected permanently.
Ecological impacts - Area of landtake in Special Protection Areas/Ramsar sites;
Area of landtake in Sites of Special Scientific Interest; Area of landtake in SNCIs/SINCs/SMIs/SBIs;
Area of landtake in Ancient woodland; Area of landtake in Local Nature Reserves.
Quality
of Land
Visual impacts - Length of track/area of station in designated landscapes of national importance
(Areas of Outstanding Natural Beauty) and whether at grade or below; Length of track/area of station
in designated landscapes of regional importance (Special Landscape Areas) and whether at grade or
below; Length of track/area of station in designated landscapes of local importance (ALLI’s and
Woodland) and whether at grade or below.
Historical/ cultural - Number and area of conservation areas affected by landtake during construc-
tion and operation of the CTRL and intermediate stations. No. of listed buildings (identified by
grade) at risk of demolition or landtake. No. of listed buildings (identified by grade) whose setting is
severely affected. No. of affected listed buildings (identified by grade) with the potential for disman-
tling with reinstatement elsewhere. No. of conservation area buildings at risk of demolition. No. of
conservation area buildings at risk of settlement. No. of registered parks and gardens, Scheduled
London Squares affected by landtake.
Rural land take - Area of landtake (ha) in Grade 1,2 or 3a land with special farm attributes. Area of
landtake (ha) in Grade 1,2 or 3a land without special farm attributes. No. of non-residential farm
buildings at risk of demolition. Estimated no. of holdings affected by landtake.
Business Loss of jobs - Number of jobs to be displaced or lost from Kent and London Boroughs.
and
Economy
Business relocation - Number of businesses moving out of or not moving in local area (Boroughs).
Economic generation capacity - Number of predicted jobs created in local area (Boroughs). Number
of potential jobs lost in local area (Boroughs).
Efficiency of domestic connection - Time to transfer from domestic to international station and vice
versa and frequency of service.
Building Costs - The money needed to be spent to achieve different options (either routing or sta-
tions).
Penalty to international travellers - Time to and across London.
9.4 The Medway section
This section of the route runs between Gravesend and Maidstone crossing the North
Downs for a large part of its distance.  It is a section which has to deviate from the pr-
ferred option of following an existing transport corridor whenever possible, and indeed in-
volves the route switching from the northern M2 motorway corridor to the more central
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M20 corridor.  It is the sensitive nature of the North Downs which has raised the main
problem in this section, including concerns over visual intrusion, historic and cultural sites
and ecology.  Various route alternatives for this section of the Channel Tunnel Rail Link
(see Figure 9.2) were proposed, including both different locations for the critical bridge
over the river and tunnel options of varying lengths.
A decision on these various Medway route alternatives was made relatively early on in the
initial six months of consultation on the route (for more information see Norman and Vick-
erman, 1997a, 1997b). The Union Railways March 1993 (Union Railways, 1993a) report
proposed a route with detailed alignment, a review of the costs and an assessment of the
regeneration possibilities of the project. The public consultation that followed involved
close examination of the details of the route and alignment during meetings with local
authorities, statutory agencies, action groups, parish councils and members of the public.
Discussions also took place with Members of Parliament, whilst the Minister of State
chaired a number of meetings of the High Level Forum with leading local authority repre-
sentatives. This procedure ended with a further report to the Government in October 1993
(Union Railways, 1993b), in the hope of leading to a final Government decision in time for
the Hybrid Bill to be introduced to Parliament in March, 1994.
The policy units involved in the route choices in the Medway section include at the supra-
national level the European Commission and the Community of European Railways and at
a national level Union Railways/Department of Transport and the Environmental Forum, at
the regional level Kent County Council and at the local level the four District Councils of
Maidstone, Tonbridge and Malling, Rochester and Gravesham directly affected by this
section of route.  The seven policy units represent four hierarchical levels of the planning
system. The concerns expressed by these policy units are presented in Table 9.3 where the
asterisk indicates concerns which are relevant for each policy unit. Table 9.3 also illus-
trates the spatial relevance of the concerns expressed making it possible to provide more
detail on the nature of the concern. The shaded cells indicate the Inside Decision making
Context (IDC) and the non-shaded cells refer to the Outside Decision making Context
(ODC) of each policy unit. The IDC is where a policy unit may make independent evalua-
tions and independent decisions regardless of the roles and decisions of other units. The
ODC represents a broader context, in which the unit expresses concerns and takes into ac-
count the effects of a policy beyond those affecting the unit directly. Both IDC and ODC
are defined as a system of relationships between the impacts relevant for the unit, its sys-
tem and the scope and influence it has in the decision making context.
In the case of the Medway crossing alternatives it is evident that the Borough Councils all
express similar concerns which are within their IDC i.e. concerns such as noise and eco-
logical impacts which have local impact. The regional level policy unit, Kent County
Council, expresses no concerns at the regional level. Kent County Council does express
concern for issues which are part of their ODC focusing on impacts at the local level in-
cluding quality of life, ecosystems and quality of land. The national level policy units: Un-
ion Railways/Department of Transport express concern for the issue of cost but all the
other concerns they express are at the local level of impact i.e. outside their IDC. The En-
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vironmental Forum also representing the national level in the decision process only express
concern for impacts at the local level.
Table 9.3.  Policy Units concerns for the Crossing over the Medway.
Policy Units
Concerns
EU
(SN)
UR -
DoT
(N)
EF
(N)
KCC
(R)
Grav.
BC
(L)
Maid.
BC
(L)
Ton.
and
Mall.
B.C.s
(L)
Roch.
B.C.
(L)
Quality of life (L) Noise x * x * x * * *
(L)Demolitions x * * * x * * *
(L) Severance x * * * x * * *
(L) Rural rec.
sites
x * * * * * * *
Ecosystems (L) Water x * * * x * * *
(L) Ecological
impacts
x * * * * * * *
Quality land (L) Visual im-
pacts
x * * * * * * *
(L) Historical/
cultural
x * * * x * * *
(L) Rural land
take
x * * * * * * *
Business and Econ-
omy (N)
Building
costs
x * x x x x x x
Grav. = Gravesham; Maid.=Maidstone; Ton.=Tonbridge; Mall.=Malling; Roch.=Rochester
BC = Borough Council
L= local; R=regional; N=National; SN=Supranational.
Inside Decision Context
Outside Decision Context
* = an area of concern for policy unit; x = not an area of concern for policy unit
It is possible from this type of decision structuring to determine some forms of conflict
between policy units. Horizontal conflict i.e. conflict between policy units at the same spa-
tial scale can potentially occur in this spatial decision at the national or at the local level
(not the regional level as it is only represented by one policy unit). As the asterisks in
Table 9.3 are identically placed against the concerns for Maidstone and Tonbridge and
Malling Borough Councils and Rochester City Council there appears to be no potential
horizontal conflict at this level. However, it must be noted that at this stage of the analysis
no assessment of the degree of concern that each policy unit holds for each of the impacts
has been made therefore it is possible that horizontal conflicts may exist between these
policy units in terms of a value difference. Kent County Council reflects the same concerns
as the local policy units showing little potential for any vertical conflict. The Environmental
Forum also show similar concerns as those presented by the regional and local authorities
thus again creating little potential for conflict. Union Railways/Department of Transport do
present concern for most of the local environmental concerns similar to the other policy
units, however, in terms of the decisions Union Railways/Department of Transport are
faced with these act more as constraints rather than concerns. They realise that to build a
rail link which causes major environmental damage anywhere along its route would be un-
acceptable and would be unlikely to receive Parliamentary Approval. Real concerns which
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are presented by Union Railways/Department of Transport are over building costs, some
route alternatives or tunnelling options will cost more money and therefore present prob-
lems for the budget. The difference between these concerns for the environment and costs
are common in these types of planning decisions. In this instance the conflict is vertical
between Union Railways/Department of Transport at the national level and the regional
and local authorities.
Table 9.4 examines the various impacts of the route alternatives for the Medway section
making it clear which concerns are relevant in terms of their spatial presence. Working
from the individual concerns expressed by each policy unit involved in the crossing over
the Medway and the actual preferences expressed by policy actors it is possible to make
some judgement as to the policy units preference for route alternatives. These qualitative
preferences are tabulated in Table 9.5 From this table it is clear that most policy units in-
volved across the range of spatial scales prefer the additional tunnelling options, particu-
larly Maidstone Borough Council within whose jurisdiction the main impacts of the route
will be felt.
Table 9.4. Impacts of the various options for the crossing over the Medway.
Concerns
Board
Re. Case
Published
Route
Additional tunnelling opt.
shorter  Longer
Quality of life (L) Noise *300 / *6 *4
Demolitions *3 *3 / *2
Severance *12 / / /
Rural rec. sites / / / /
Ecosystems (L) Water *9 / / /
Ecological impacts *21 / *4 *2
Quality of land (L) Visual impacts *12 * *6 /
Historical/ cultural *13 / *3 *2
Rural land take *4 * *3 *3
Costs  (N) Building costs (£m) *290 *450 +risk
up to 80
*315 + risk
up to 20
*460 + risk
up to 80
* = affected by options;  / = not affected by option
Table 9.5. Policy Units preferences for the route over the Medway crossing.
Policy Units
Board Reference
Case
Published
Route
Additional Tun-
nelling Option
EU (SN) ? ? ?
UR/DOT (N) ++ - Long -/Short +
Kent County Council (R) - - ++
Maidstone Borough Council (L) -- -- ++ Backed Mid-
Kent Long Tunnel
Tonbridge- Malling Borough Council (L) -- -- ++
Gravesham Borough Council (L) -- -- ++
Rochester City Council (L) -- -- ++
? = indifferent; + = wanted; ++ = strongly wanted; - = did not want ; -- = strongly did not want
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9.5 Analysis of the attractiveness of the Medway options
By applying the value function methodology a specific analysis can be performed on the
attractiveness of each routing option for the various policy units. The analysis of the at-
tractiveness of each routing option for various policy units is based on a value function
model constructed for each unit separately. In the case of the Medway, as with the Ashford
routing and the location of stations, information on impacts has been derived from Union
Railway publications (March and October, 1993)1. As impacts in these reports were clas-
sified into four levels (major, high moderate, low moderate, minor) denoting the degree of
impact a system was devised where the degree of impact was assigned a number (major
impact = 4 and minor impact =1). The number of houses exposed to noise, for example,
was then multiplied by the degree of the impact, these were then totalled for each impact.
Analysis has been concentrated on those policy units who were identified in the structuring
process as being in conflict with other policy units. The models are presented in Table 9.6
Each table shows the list of concerns relevant for the policy unit, the value functions, the
performances of the alternatives2 nd the weights. The operational framework adopted for
the policy units concerns was a individual structuring (IS) and individual evaluation (IE)
process (IS + IE). The results of the analysis and the rankings of the alternatives for each
unit are presented in Table 9.6 and Figure 9.3.
In the upper-left text part, Table 9.6 shows the impacts of the 3 alternatives for the cross-
ing of the Medway. The Min and Max columns are the minimum and maximum impact
for each row, respectively. The upper-right table shows the attractiveness scores, after ap-
plication of value functions. In this case, value functions are assumed to be linear between
the minimum and maximum scores. The bottom-left table shows the attractiveness scores
for the three alternatives for the UR-DOT, together with a tentative weight set. The high
weight of the cost concerns reflects the importance of cost minimisation for the UR-DOT
policy unit. The bottom-right table contains the attractiveness scores for KCC, which does
not include costs as a concern. The overall value attached to each alternative is the result of
a weighted sum performed separately for UR-DOT and KCC. The result is shown in
Figure 9.3. It is important to make clear that these rankings can only be compared in an
ordinal sense.
These results confirm a vertical conflict between Kent County Council and Union Rail-
ways/Department of Transport. Kent County Council have a clear concern for the visual
and landscape effects in the area whereas Union Railways/Department of Transport are
more concerned with the cost of the line. The graphs showing the ordinal ranking of the
route alternatives quite clearly show that Kent County Council have a preference for the
Long-tunnel option and Union Railways/Department of Transport show a distinct prefer-
                                                  
1 At an initial stage we received a positive response to a request for specific spatial data, but due
to Union Railways increasing problems with the project it did not prove possible. The absence
of any more specific data than has been used here has had only a minor impact on our ability to
identify specific impacts for local level policy units in the case of the Medway Crossing.
2 The Published route was excluded from the analysis as complete impact data was not avail ble.
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ence for either the Board Reference Case or the Short Tunnel option. As the Board Refer-
ence case is not considered as an alternative in Kent County Council’s view it therefore
distils into a decision between the long or short tunnel options which is consistent with the
final decision outcome for the Medway section. To resolve this conflict a decision needed
to be made about the level of trade-off between environmental concerns versus economic
concerns i.e. as to whether it worth spending an extra £145 million to achieve a complete
elimination of the major impacts of visual/landscape intrusion and loss of agricultural land
and the removal of most other moderate concerns in the Medway section of the route? Or
is it better to spend an additional £22 million on the short tunnel option which would miti-
gate the impacts regarding the landscape and visual effects and agricultural land take, but
would affect more ancient woodlands, raising ecological effects to a major concern? The
final decision was made in favour of the short tunnel option.
Table 9.6. Value functions, weights and results of evaluation for the Medway crossing.
Impacts AlternativesBRC ST LT Min Max Attractiveness BRC ST LT
Quality of life Noise 300 6 4 4 300 Quality of life Noise 0 0.99 1
Demolitions 3 0 2 0 3 Demolitions 0 1 0.33
Severance 12 0 0 0 12 Severance 0 1 1
Ecosystems Water 9 0 0 0 9 Ecosystems Water 0 1 1
Ecology 21 4 2 2 21 Ecology 0 0.89 1
Quality of land Vis/Landsc 12 6 0 0 12 Quality of land Vis/Landsc 0 0.5 1
Hist/cult 13 3 2 2 13 Hist/cult 0 0.91 1
Land take 4 3 3 3 4 Land take 0 1 1
Costs Costs 290 315 460 290 460 Costs Costs 1 0.85 0
UR-DOT BRC ST LT W KCC BRC ST LT W
Quality of life Noise 0 0.99 1 1 Quality of life Noise 0 0.99 1 5
Demolitions 0 1 0.33 1 Demolitions 0 1 0.33 1
Severance 0 1 1 1 Severance 0 1 1 1
Ecosystems Water 0 1 1 1 Ecosystems Water 0 1 1 1
Ecology 0 0.89 1 1 Ecology 0 0.89 1 2
Quality of land Vis/Landsc 0 0.5 1 1 Quality of land Vis/Landsc 0 0.5 1 30
Hist/cult 0 0.9 1 1 Hist/cult 0 0.99 1 4
Land take 0 1 1 1 Land take 0 1 1 1
Costs Costs 1 0.89 0 75 Overall Value 0.90 0.65 0.98
Overall Value 0.9 0.85 0.1
UR-DOT
0
0.2
0.4
0.6
0.8
1
BRC ST LT
KCC
0
0.2
0.4
0.6
0.8
1
BRC ST LT
Figure 9.3. Ranking of the options for UR-DOT and KCC.
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9.6 The Ashford Route
In January, 1993 the Secretary of State announced the final route of the Channel Tunnel
Rail Link but further consideration still had to be given to a number of issues including the
Ashford routing. In June 1994 the entire route had been agreed. The original route through
the town of Ashford passed through the centre (Central Route or Safeguarded Route), with
a fairly long section of tunnel, but giving a direct connection to the already planned Inter-
national Passenger Station (IPS, opened in January 1996 and providing direct connections
to regional rail services). In 1992 Union Railways identified a cheaper route (by £85 mil-
lion) around the north of Ashford (Northern or Announced Route) alongside the M20, but
which had much poorer connections to the International Passenger Station (see Figure 2).
A further Southern Route was subsequently proposed by Ashford Borough Council with
International Passenger Station access but with less tunnelling. It is at this point where our
decision analysis starts with three proposed routes on the agenda. The policy units in-
volved in the Ashford routing cover four hierarchical levels in the planning system. These
policy units are the same at the supra-national, national and regional levels as those pre-
sented for the crossing over the Medway issue, but in this case there is only one policy unit
which represents the local level, Ashford Borough Council. The concerns of these policy
units are presented in Table 9.7
Table 9.7. Policy Units concerns for the Ashford routing.
Policy Units
Concerns
ABC
(L)
KCC
(R)
UR/
DoT
(N)
EF
(N)
EU
(SN)
Quality of life (L) Noise * * * x *
Demolitions * * * x *
Severance * * * x *
Ecosystems (L) Water * * * * *
Ecological impacts * * * * *
Quality of land (L) Visual impacts * * * * *
Historical/ cultural * * * * *
Rural land take * * * * *
Business and economy (L) Loss of jobs * * x x *
(R) Business relocation * * x x *
(R) Economic generation
capacity
* * x x *
 (SN) Effects to international
travellers
* * * x *
 (R-N) Efficiency of domestic
connection
x x * x x
 (N) Building Costs x x * x *
* = an area of concern for policy unit; x = not an area of concern for policy unit.
Inside Decision Context
Outside Decision Context
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The policy units at the upper levels of the planning hierarchy present the same concerns to
those expressed for the crossing over the Medway. Kent County Council expresses a full
cross section of the concerns including concerns over quality of life, ecosystems and qual-
ity of land, all important at the local and regional level. Almost identical concerns are ex-
pressed by Ashford Borough Council who collaborated with Kent County Council and the
local Member of Parliament (Sir Keith Speed) with the combined concerns of: minimising
negative effects on the quality of life for residents, minimising the effects on ecosystems
and the quality of land.
The collaborative link between Ashford Borough Council and Kent County Council on the
Ashford routing issue is evident when the pattern of concerns is analysed in terms of their
Inside and Outside Decision making Contexts. Ashford Borough Council has a clear list of
local concerns which fall into its IDC. These local concerns are mirrored in Kent County
Council’s ODC at the regional level. The reverse is true for the regional issues of business
relocation and economic generation capacity which are part of Ashford Borough Council’s
ODC and part of Kent County Council’s IDC. Both policy units also show concern for the
potential penalty for international travellers which is relevant at the supra-national level,
outside both Ashford Borough Council’s and Kent County Council’s IDC. Union Rail-
ways/Department of Transport at the national level clearly have a very different pattern of
concerns. Their IDC is focused around the minimisation of costs and their ODC is largely
centred on the environmental constraints of building a rail link. Union Rail-
ways/Department of Transport and Ashford Borough Council/Kent County Council are
obviously in direct conflict over the Ashford routing with very different concerns at the
centre of their decision making contexts. This conflict is very clearly a vertical conflict
between a local/regional and national policy units and was actualised during the decision
procedure of the Ashford routing.
Impacts of the various route options have been derived from various economic and envi-
ronmental assessments. They are presented in Table 9.8. These impacts go some way to
validating the concerns expressed by the individual policy actors.
Working from the concerns of policy actors representing each policy unit it is possible to
make some judgement as to the policy units preference for route alternatives in Ashford.
These preferences have been tabulated in Tabl  9.9. This table shows a clear split between
the preferences of Union Railways at the national level and preferences of Kent County
Council at the regional level and Ashford Borough Council at the local level. Union Rail-
ways preferred the Northern route and Kent County Council and Ashford Borough Coun-
cil preferred the Central route despite the higher environmental impacts in central Ashford.
This highlights very clearly a vertical conflict. It was this conflict which was the reason for
the long delay in the final route decision being made. Eventually the Central route was d-
cided on.
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Table 9.8. Impacts for the various options for the routing through Ashford.
Northern Route Central Route Southern Route
Quality of life
(L)
Noise * 73=19 Properties af-
fected
* 227=101 Properties
affected
* 148=74 Properties af-
fected
(L) Demolitions * 6=2 Properties af-
fected
* 44=16 Properties af-
fected
* 133=36 Properties af-
fected
(L) Severance / 0 / 0 * 2
Ecosystems
(L)
Water * 6 Effects on Henwood
public water supply and
APZ 1 and 2.
/ 0 * 6 Disturbance to
Great Stour river and
encroachment on flood
plain
(L) Ecological
impacts
* 2= 620 metres of a
SNCI
No SSSI affected
* 9= 180 metres of
SNCI at Potters Corner
No SSSI affected
* 2= Combination of
crossings of the Great
Stour
Quality of
land
(L)
Visual im-
pacts
* 6=Crosses Westwell
Leacon area and AONB
between Westwell Lea-
con and Kingsland Lane
* 3=Crosses Westwell
Leacon area and trans-
verses SLA, open
country and woodland
* 9=Crosses open
country including SLA
and Great Stour Valley
(L) Historical/
cultural
* 11=Demolition of
Grade II listed house and
landtake from two Grade
II listed house
* 19=Four Grade II
Listed demolished and
cumulative landtake
from listed buildings
* 9=Effects on Hoth-
field Conservation area,
demolition of 2 cottages
and cumulative land-
take from listed build-
ings
(L) Rural land
take
* 6=Loss of agricultural
land and effects on farm
capital
* 4=Loss of agricultural
land and effects on farm
capital
* 4=Loss of agricultural
land and effects on farm
capital
Business and
economy (L)
Loss of jobs / 0 * 3=Risk of job losses
in Ashford
* 3
(R) Business re-
location
/ 0  * 3=Job displacement * 3
(R) Economic
generation
capacity
/ * /
Customers
(International)
(SN)
Penalty to
international
travellers
* / /
Customers -
domestic
(R-N)
Efficiency of
domestic
connection
/ * *
Costs (N) Costs * * *
* = affected by option; / = not affected by option
Table 9.9.  Policy Units Preference of Routes in Ashford.
Route Options
Policy Units Northern
Route
Central RouteSouthern Route
EU (SN) ? ? ?
UR/DoT (N) ++ - -
Environment Forum (N) ? ? ?
Kent County Council (R)  + ++ -
Ashford Borough Council (L) -- ++ --
The EU offers objectives in terms of the CTRL which are far removed from the concerns over the more exact details of its planning
therefore in many of these option situations the EU is presented as indifferent. The EU has been instrumental in the very initial deci-
sions which led to the choice of a route
- ? = indifferent; + = wanted; ++ = strongly wanted; - = Did not want ; -- = Strongly did not want
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9.7 Analysis of the attractiveness of the Ashford route options
The analysis of the attractiveness of each routing option for Ashford Borough Council,
Kent County Council and Union Railways/Department of Transport is based on a value
function model constructed for each unit separately. The models are presented in Table
9.10. As some quantitative data was not available, various descriptors were changed to
qualitative, for example, penalty to international travellers. The table shows the list of con-
cerns relevant for the policy units, the extreme profiles (good and bad scores), the attrac-
tiveness scores as computed with value functions and the weights of the policy units.
Figure 9.4 shows the results of the model and the ranking of the options.
The operational framework adopted for the policy units concerns was a group structuring
(GS) process whereby the policy units share the same concerns and the same impact ta-
bles, and an individual evaluation (IE) process because they have different weights
(GS+IE).
Table 9.10. Value functions, weights and results of evaluation for the Ashford routing
Impacts Attractiveness Weights
NR CR SR Good Bad NR CR SR ABC KCC UR EF
Noise 19 101 74 0 101 0.8 0 0.3 0.02 0.03 0.06 0
Demolition 2 16 36 0 40 1 1 0.1 0.04 0.03 0.06 0
Severance 0 0 2 0 2 1 1 0 0.04 0.03 0.06 0
Water 6 0 6 0 6 0 1 0 0.02 0.02 0.04 0.15
Ecological imp. 2 9 2 0 10 0.8 0 0.8 0.02 0.02 0.04 0.15
Visual impacts 6 3 9 0 10 0.4 1 0.1 0.04 0.03 0.06 0.23
Hist/Cult 11 19 9 0 20 0.5 0 0.6 0.04 0.03 0.06 0.23
Rural landtake 6 4 4 0 6 0 0 0.3 0.04 0.03 0.06 0.23
Loss of jobs 0 3 3 0 3 1 0 0 0.09 0.09 0 0
Business rel. 0 3 3 0 3 1 0 0 0.09 0.09 0 0
Economic reg. 1 2 1 2 0 0.5 1 0.5 0.09 0.09 0 0
Intern. Travell rs 1 0 0 0 1 0 1 1 0.47 0.51 0.18 0
Dom con 1 3 2 3 1 0.3 1 0.7 0.09 0.09 0.18 0
Building costs 1 3 2 1 3 0.7 0 0.3 0 0 0.18 0
0
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20
30
40
50
60
70
ABC KCC UR EF
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Figure 9.4. Ranking of the Northern Route (NR), Central Route (CR) and Southern
Route (SR) for Ashford Borough Council (ABC), Kent County Council
(KCC), Union Railways (UR) and Environmental Forum (EF).
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The ordinal ranking of alternatives for the routing through Ashford clearly shows that there
is no conflict between Ashford Borough Council, Kent County Council and the Environ-
mental Forum, they all agree on the preferred option of the Central route. However, Union
Railways/Department of Transport show a preference for the Northern route which puts
them in vertical conflict with Kent County Council and Ashford Borough Council and in
horizontal conflict with the Environmental Forum. The conflicts over preferred options
presented from this analysis are consistent with those of the decision process. This analysis
reveals that the issue distilled down to a trade-off between the economic regeneration ca-
pacity that a central route serving the already built international passenger station would
have versus the additional cost of £85 million required to build the central route. The final
decision was for the Central route.  It is interesting that if we lower the level of weightings
for the primary concerns relative to the other policy units concerns the route preference for
Kent County Council and Ashford Borough Council becomes the Northern route and Un-
ion Railways show preference for the Central route. This alteration of the weights shows
how sensitive the analysis is to the strength of concern expressed by each policy unit.
9.8 Intermediate stations
Although the decisions over the routing of the Channel Tunnel Rail Link were confirmed
before Parliamentary Approval, the final decision on which, if any, intermediate stations to
construct did not form part of this decision process. The formulation of the decision prob-
lem concerning the stations along the Channel Tunnel Rail Link is a slightly more complex
one than the Medway Crossing and the route through Ashford as it is not only a question
of where to locate the international station/s, but also how many to have. This is further
complicated by the fact that each station proposal had to be backed by a private developer.
The Government’s initial conversion to the view that the development of the rail line
would have important economic benefits for the corridor served opened up a competition
between local vested interests. These interests were however compounded by the need to
develop a private sector interest. Moreover the more directly measurable environmental
concerns of various types which dominated the other two decision issues are confused here
by the much more difficult to assess question of economic regeneration and/or diversion
implied by station development.
All the original proposed sites are shown in Figure 9.2, each one of which is in different
local authority Districts (Ebbsfleet being on the boarder between Gravesham and Dartford
Borough Councils), and between them in three identifiable regional levels (although in
practice there was no regional level authority for Greater London during this decision
process). Various combinations of these station options were possible at the outset of the
decision period, including a No station option (in addition to Ashford which had already
been built in advance of the Channel Tunnel Rail Link project) and an All station alterna-
tive. Rainham and Purfleet were always considered as alternatives to each other i.e. both
options would not have been a possibility as it was always an either or situation. Although
some station combinations did include Rainham/Purfleet and Nashenden (which was only
considered as a domestic station and not for international traffic) these were subsequently
DTCS final report 135
ruled out. The station at Stratford, seen as a key site for urban regeneration in London, has
been included as an element in the franchise. Provision for its possible development has
been included during construction, but it is uncertain whether or not it will proceed. Out-
line agreement has been made with a private developer for a station and associated devel-
opment at Ebbsfleet. All these individual and combination station options do offer eco-
nomic regeneration capacity to the various areas in which they are proposed, Ebbsfleet,
Rainham and Purfleet offering regeneration opportunities to the East Thames Corridor,
Stratford to the London Docklands and Nashenden to the development of West Kent.
The local policy units involved in the decisions over the number and location of intermedi-
ate stations very much correspond to local concerns relating to quality of life including in-
creased traffic levels (mainly for access) and therefore congestion and the increased num-
ber of road accidents. (Table 9.11). These concerns also include environmental concerns
relating to ecological impacts and water disturbance and contamination. These concerns
form part of the local policy units’ IDC. Their only other concern relates to the vested in-
terests in the economic regeneration capacity that an international station in their Borough
would potentially produce. This is a regional level concern therefore forming part of the
Boroughs’ ODC.
At the regional level County Councils expressed concerns for local issues such as noise
and visual impacts but also reflect concerns similar to the local level in terms of seeing
economic regeneration opportunities kept within their own county. Therefore, it seems rea-
sonable to presume that there is very little potential for vertical conflict between counties
and their corresponding local authorities all with supporting vested interests. There is
however, a potential for horizontal conflict between the County Councils of Kent and Es-
sex and between the various London Borough Councils involved. Most were prepared to
suffer environmental disbenefits for the sake of the potential economic regeneration capac-
ity. There are some reservations to this premise however. Some Boroughs did make it
clear in their interviews that they would be happy if the neighbouring Borough won the
international station rather than themselves as they realised that they could gain some eco-
nomic benefits without having to suffer the same degree of environmental damage. This is
clearly true in the case of Rochester City Council (with the Nashenden station) and Dart-
ford and Gravesham Borough Councils (with the Ebbsfleet station). Rochester City Coun-
cil were aware fairly early on that Nashenden was not a strong possibility and therefore
were very keen for the Ebbsfleet station to be selected due to the potential economic spin-
offs. This is an example of a positive externality benefit present in ODC rather than altru-
ism.
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Table 9.11. Policy unit concerns for the location of intermediate stations.
EU
(SN)
UR/
DoT
(N)
EF
(N)
KCC
(R)
Essex
County
Counc.
(R)
Dartford
Borough
Council
(EBBS)
(L)
Gravesh.
Borough
Council
(EBBS)
(L)
City of
Rochester
(NASH)
(L)
London
Borough of
Havering
(RAIN) (L)
Thurrock
Borough
Council
(PUR) (L)
London
Borough of
Newham
(STRAT)
(L)
Quality Noise x * x * * * * * x * x
of life (L) Demolitions x * x * x x x * x x x
Severance x * x * x x x * x x x
Rural recreational sites x * * x x * * x x x x
Accessibility x x x * x x x x x x x
Traffic x * x * x x x x x x *
Accidents x * x * x x x x x x *
Ecosystems 
(L)
Water ( + disturbance of
contaminated land)
x * * x x * * * * x *
Ecological impacts x * * * x * * x * x x
Quality of
land (L)
Visual impacts x * * * * * * * * * x
Historical/ cultural x * * * x * * * * x *
Rural land take x * * * x x x * x x x
Business and
Economy
Economic Regeneration
Capacity: Development
of West Kent (R)
x x x * x * * * x x x
Economic Regeneration
Capacity: Development
of Old Docks (Heavy In-
dustry Area) (R)
x x x x x x x x x x x
Economic Regeneration
Capacity: Development
of Thames Gateway (R)
x x x * * * * x * * *
Penalty to International
Travellers (SN)
* * x x x x x * x x x
Efficiency of Domestic
Connection (Essex, Kent,
London) (R)
x * x * x x x x x x x
* = an area of concern for policy unit x = not an area of concern for policy unit
DTCS final report 137
Due to the private sector involvement in this decision there is some limit to the amount of
information on the economic and environmental impacts of the various station options es-
pecially Purfleet which was eliminated from the decision process early on. These impacts
are presented in Table 9.12 (for individual stations) and T ble 9.13 (for stations combined
into alternative packages). Also much of the decision process has not been in the public
domain making actual conflict situations less explicit than in the other decision issues.
However, it is possible to infer from the concerns expressed by the various policy actors
their station option preferences which are tabulated in Table 9.14. Policy actors largely ex-
press preferences for station options which are potentially going to bring their policy unit
economic benefits either by a station being located in their domain or very near to it.
Table 9.12. Impacts of the individual intermediate stations.
None Ebbs Nash Strat Rain
Business and
Economy
Economic Regeneration Ca-
pacity: Development of West
Kent
/ / 1,200
ftj
/ /
Economic Regeneration Ca-
pacity: Development of Old
Docks (Heavy Industry Area)
/ / / 12,500
ftj
/
Economic Regeneration Ca-
pacity: Development of Thames
Gateway
/ 10,100
ftj
/ / 13,200
ftj
Penalty to International Trav-
ellers
* /
Efficiency of Domestic Con-
nection (Essex, Kent, London)
/ *
Loss of jobs / * / *200 /
Quality of life Noise / / / / /
(L) Demolitions / / *39 / /
Severance / / / / /
Rural recreational sites / *6 / / /
Traffic / *2 *8 *2 /
Accessibility / *2 *8 *2 /
Accidents / *2 *8 *2 /
Ecosystems (L) Water ( + disturbance of con-
taminated land)
/ *18 * 3 *48 *12
Ecological impacts / *9 / *6 *4
Quality of land Visual impacts / *2 *20 / *476
(L) Historical/ cultural / *12 *6 *2 *2
Rural land take / / *2 / /
ftj=full time jobs
~Depending on whether the options for an intermediate station was Stratford and Ebbsfleet or Rainham, for ex-
ample, would obviously have a bearing on the concerns associated with that choice presented by the individual
policy units. Purfleet Station was eliminated at an early stage: there are no Environmental or Economic Assess-
ments of it.
* = an area of concern; / = not affected by option
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Table 9.13. Impacts for the various options for the location of intermediate stations. Locations are combined into alternative packages (these fig-
ures do not include Purfleet).
No Sta-
tion
Ebbs Ebbs
and
Nash
Ebbs
and
Strat
Ebbs,
Strat,
and
Rain
Rain Nash,
Rain
Nash
and
Strat,
Rain
Strat Strat
and
Rain
All sta-
tions
Business and
Economy
Regeneration Capacity:
Dev. of West Kent
/ / 1,200
jobs
/ / / 1,200
jobs
1,200
jobs
/ 1,200
jobs
Regeneration Capacity:
Dev. Old Docks
/ / / 12,500
jobs
12,500
jobs
/ / 12,500
jobs
12,500
jobs
12,500
jobs
12,500
jobs
Regeneration Capacity:
Dev. Thames Gateway
/ 10,100
jobs
10,100
jobs
10,100
jobs
12,300
jobs
13,200
jobs
13,200
jobs
13,200
jobs
/ 13,200
jobs
23,300
jobs
Penalty to International
Travellers
* / / / / / / / / / /
Efficiency Domestic Con-
nection
/ * * * * / * * / / *
Quality Life Noise / / / / / / / / / / *
Demolitions / / 39 / / / 39 39 / / 39
Severance / / / / / / / / / / /
Rural recreational sites / 6 6 6 6 / / / / / 6
Traffic / 2 10 4 4 2 8 2 2 2 12
Accessibility / * / / / * / / * / /
Accidents / * * * * * * * * * *
Ecosystems Water / 18 21 66 78 12 15 66 48 70 81
Ecological impacts / 9 9 15 19 4 4 10 6 10 19
Quality land Visual impacts / 2 22 2 478 478 498 498 / 476 498
Historical/ cultural / 12 18 14 12 2 8 8 2 4 22
Rural land take / * 2 * * / 2 2 / * 2
~Depending on whether the options for an intermediate station was Stratford and Ebbsfleet or Rainham, for example, would obviously have a bearing on the concerns associated with
that choice presented by the individual policy units.  Purfleet Station was eliminated at an early stage, thus there are no Environmental or Economic Assessments of it.
* = an area of concern, / = not affected by option
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Table 9.14.  Policy Units preference of intermediate stations options.
Intermediate Station Options
Policy Units
No sta-
tion
Ebbs Ebbs
Nash
Ebbs
Strat
Ebbs
Strat
Rain
Rain Nash
Rain
Nash
Strat
Rain
Strat Strat
Rain
All Stations
EU (SN) - x x x x x x x + + -
UR/DoT (N) -- + + + + + + + + + --
Environmental Forum (N) - x x x x x -- -- x x -
Kent County Council (R) -- ++ ++ ++ ++ x ++ ++ x x x
Essex County Council (R) -- x x x ++ ++ ++ ++ x ++ x
Rochester City Council (L) -- x x x x x ++ ++ x x x
Dartford and Gravesham
District Council (L)
-- ++ ++ ++ ++ x x x x x x
London Borough of
Newham (L)
-- x x ++ ++ x x ++ ++ ++ ?
London Borough of Haver-
ing (L)
-- x x x ++ ++ ++ ++ x ++ ++
Thurrock Borough Council
(L)
-- x x x x ++ ++ ++ x ++ x
The EU has the twin aims of Cohesion and Competitiveness which can be in conflict with each other especially when considering preferences over the options for intermediate sta-
tions. Cohesion would suggest a preference for numerous stations along the line to provide benefits for more areas whereas
 competitiveness would suggest fewer stations to enhance competition.
+ = wanted; ++ = strongly wanted; - = did not want ; -- = strongly did not want; x = not an area of concern for policy unit
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9.9 The Analysis of the attractiveness of station options
The analysis of the attractiveness of station options for various policy units is based on a
value function model as adopted for the Medway and Ashford routing sections. The mod-
els are presented in Table 9.15 (Kent County Council), Table 9.16 (Essex County Council)
and Table 9.17 (UR/DOT). As some quantitative data was not available, var ous descrip-
tors were changed to qualitative (e.g. penalties to international travellers and efficiency of
domestic connection). Each table shows the concerns relevant for the policy unit, the at-
tractiveness scores (result of linear value functions) and the weights of the unit. The op-
erational framework adopted was a individual structuring (IS) and individual evaluation
(IE) process (IS + IE). The rankings of the alternatives are presented in Figure 9.5.
The ordinal ranking of station options assists in the pruning of the number of preferred
station alternatives. Essex County Council, who expressed concern over visual impacts
and economic regeneration potential in the Thames Gateway, shows a clear preference for
any option which includes Rainham (the only station option in Essex) and these options are
equally preferable to Rainham as an option on its own. Kent County Council, who ex-
pressed concern for the regeneration potential for West Kent and the Thames Gateway,
over and above the range of environmental disbenefits and efficiency of domestic connec-
tion in Kent shows a distinct preference for the Ebbsfleet and Nashenden station option
and a close second to this is the All station option. This ranking of alternatives highlights a
horizontal conflict between Kent and Essex County Councils, as there is no option which
suits both policy units. The only option over which there may be room for negotiation at
the regional level is the All station option, but this is not a feasible option for UR/DOT.
UR/DOT expressed concern for efficiency of domestic connection over and above penalty
to international travellers and concerns for quality of life, ecosystems and quality of land.
The weighting of Union Railways/Department of Transport’s concerns in this manner re-
sulted in a preference for the Stratford only alternative. Ranking closely with this option
are other single station options such as Ebbsfleet or Rainham. This ranking of preferred
alternatives highlights a horizontal conflict between Kent and Essex County Councils over
Rainham only as a station option, however Essex County Council and Union Rai-
ways/Department of Transport are in agreement with the preferred option of Rainham.
Due to the influence of the concerns for penalties to international travellers and efficiency
of domestic connections, an option which involves two or more stations is not highly
ranked by any of the policy units analysed. The only way to find in this instance a station
option which is agreeable to all the national and regional policy units involved is by in-
creasing the environmental mitigation or by offering compensation. The final decision out-
come of possibly Ebbsfleet and Stratford is not consistent with the preferred options of Es-
sex County Council but it is moderately consistent with the preferred options of both Kent
County Council and Union Railways/Department of Transport who both ranked the
Ebbsfleet and Stratford option as a medium preferred option.
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Figure 9.5. Ranking of intermediate stations for Essex County Council (bottom), Kent
County Council (middle) and UR/DOT (top).
142 Institute for Environmental Studies
9.10 Conclusion
The added value of applying this methodology to the Channel Tunnel Rail Link issues are
two-fold. Firstly, it greatly assists the way of thinking about the individual issues enabling
clear structuring of the policy units involved in the decision making process and their con-
cerns for the environmental and economic impacts, thus indicating preferred options and
therefore the potential for conflict between policy units. In addition to this, the results of
the value function models give a second degree of clarity about preferred options, provid-
ing in this instance an ordinal ranking of alternatives and a clear indication of the actual
conflict between policy units.
Overall, the results are consistent with those of the final decision outcomes. The applica-
tion of this methodology also allows for the easy alteration of weights, thus providing a
useful transparency about the degree of sensitivity of the results therefore indicating how
much negotiation will be needed to reach agreement on one particular alternative by all
parties.
In an ex-ante situation this methodology has added great clarity to the issues under exami-
nation, therefore had it been applied during the decision making process it could have been
extremely useful. In particular, it could have assisted policy units who found themselves in
a mediating situation. For example, in the case of Kent County Council, who were caught
between Union Railways/Department of Transport (the project promoters) and the local
policy units who have to bear the brunt of the environmental disbenefits. Kent County
Council could have benefited in this situation by being able to see the economic and envi-
ronmental effect of prioritising one route/station alternative over another and thus may
have been able to be an even more effective mediator showing both sides the economic
and environmental trade-offs which result from the different alternatives.
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Table 9.15. Value functions, weights and results of evaluations for Kent County Council (Intermediate Stations).
IMPACTS No Station Ebbs Ebbs and
Nash
Ebbs and
Strat
Ebbs,
Strat, and
Rain
Rain Nash, Rain Nash and
Strat, Rain
Strat Strat and
Rain
All
Business Dev. of West Kent 0 0 1,200 0 0 0 1,200 1,200 0 0 1,200
Economy Dev. of Thames
Gateway
0 10,100 10,100 10,100 10,100 0 0 0 0 0 10,100
Penalty to Int. Trav-
ellers
0 1 1 2 3 1 1 2 1 2 3
Dom. Con. Kent 5 1 2 2 3 1 2 3 1 2 4
Quality of life (L)Demolitions 0 0 39 0 0 0 39 39 0 0 39
Traffic 0 2 10 2 2 0 8 8 0 0 10
Ecosystems (L) Ecological impacts 0 9 9 9 9 0 0 0 0 0 9
Quality land (L)Visual impacts 0 2 22 2 2 0 20 20 0 0 22
Historical/ cultural 0 12 18 12 12 0 6 6 0 0 18
Attractiveness
scores
No Station Ebbs Ebbs and
Nash
Ebbs and
Strat
Ebbs,
Strat, and
Rain
Rain Nash, Rain Nash and
Strat, Rain
Strat Strat and
Rain
All Weights
Business and
Economy:
Dev. Kent 0 0 1 0 0 0 1 1 0 0 1 0.4
Dev. Thames 0 1 1 1 1 0 0 0 0 0 1 0.4
Int. Travl. 1 0.67 0.67 0.33 0 0.67 0.67 0.33 0.67 0.33 0 0
Domestic Tv. 0 0.8 0.6 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.2 0.2
Quality of life (L)Demolitions 1 1 0 1 1 1 0 0 1 1 0 0.5
Traffic 1 0.8 0 0.8 0.8 1 0.2 0.2 1 1 0 0.5
Ecosystems (L) Ecology 1 0 0 0 0 1 1 1 1 1 0
Quality land (L)Visual 1 0.91 0 0.91 0.91 1 0.09 0.09 1 1 0 0.5
Hist/Cult 1 0.33 0 0.33 0.33 1 0.67 0.67 1 1 0 0.5
Overall values 0 0.56 0.92 0.52 0.48 0.16 0.52 0.48 0.16 0.12 0.84
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Table 9.16. Value functions, weights and results of the evaluations for Essex County Council (Intermediate Stations).
Impacts
Alternatives No Station EbbsEbbs and
Nash
Ebbs and
Strat
Ebbs, Strat,
and Rain
Rain Nash,
Rain
Nash and
Strat, Rain
Strat Strat and
Rain
All stations-
Business Dev. of Thames Gateway 0 0 0 0 13,20013,200 13,200 13,200 0 13,200 13,200
Q of land (L) Visual impacts 0 0 0 0 478 478 478 478 0 478 478
Attractiveness
Alternatives No Station EbbsEbbs and
Nash
Ebbs and
Strat
Ebbs, Strat,
and Rain
Rain Nash,
Rain
Nash and
Strat, Rain
Strat Strat and
Rain
All stations- Weights
Business Dev. Thames 0 0 0 0 1 1 1 1 0 1 1 0.7
Q of land (L) Visual impacts 1 1 1 1 0 0 0 0 1 0 0 0.3
Overall value 0.3 0.3 0.3 0.3 0.7 0.7 0.7 0.7 0.3 0.7 0.7
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Table 9.17. Value Functions, weights and results of the evaluation for UR/DOT (Intermediate Stations).
Impacts No
Station
Ebbs Ebbs
and
Nash
Ebbs
and
Strat
Ebbs,
Strat, and
Rain
Rain Nash,
Rain
Nash and
Strat,
Rain
Strat Strat and
Rain
All stations-
Business + Penalty International Travellers 0 1 1 2 3 1 1 2 1 2 4
Economy Domestic Connection 5 1 2 2 3 1 2 3 1 2 4
Quality of life (L) Demolitions 0 0 39 0 0 0 39 39 0 0 39
Rural recreational sites 0 6 6 6 6 0 0 0 0 0 6
Traffic 0 2 10 4 4 2 8 2 2 2 12
Ecosystems (L) Water 0 18 21 66 78 12 15 66 48 70 81
Ecological impacts 0 9 9 15 19 4 4 10 6 10 19
Quality of land (L)Visual impacts 0 2 22 2 478 478 498 498 0 476 498
Historical/ cultural 0 12 18 14 12 2 8 8 2 4 22
Attractiveness
scores
No
Station
Ebbs Ebbs
and
Nash
Ebbs
and
Strat
Ebbs,
Strat, and
Rain
Rain Nash,
Rain
Nash and
Strat,
Rain
Strat Strat and
Rain
All stations- Weights
Business + Intn. Travl. 1 0.75 0.75 0.5 0.25 0.75 0.75 0.5 0.75 0.5 0 0.1
Economy Dom Connection 0 0.8 0.6 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.2 0.4
Quality of life (L) Demolitions 1 1 0 1 1 1 0 0 1 1 0 0.07
Rur. Rec. 1 0 0 0 0 1 1 1 1 1 0 0.07
Traffic 1 0.83 0.17 0.67 0.67 0.83 0.33 0.83 0.83 0.83 0 0.07
Ecosystems (L) Water 1 0.78 0.74 0.18 0.04 0.85 0.81 0.18 0.41 0.13 0 0.07
Ecology 1 0.53 0.56 0.21 0 0.79 0.79 0.47 0.68 0.47 0 0.07
Quality of land (L)Visual impacts 1 0.99 0.96 0.99 0.04 0.04 0 0 1 0.04 0 0.07
Hist/Cult 1 0.45 0.18 0.36 0.45 0.91 0.64 0.64 0.91 0.82 0 0.07
OVERALL VALUE 0.59 0.72 0.49 0.53 0.34 0.77 0.56 0.43 0.8 0.59 0.08
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10. Case Study: the Betuweroute freight railway1
1,2Euro Beinat, 1Michiel van Drunen, 2Margaret Jones and 1Ron Janssen
1Institute for Environmental Studies, Vrije Universiteit, Amsterdam, The Netherlands
2Faculty of Economics, Vrije Universiteit, Amsterda , The Netherlands
10.1 Introduction
The Betuweroute is a freight railway which will connect the port of Rotterdam, in The
Netherlands, to Germany. The plan is designed to support the port activities, to meet the
future demands of freight transport (expected to grow from 707 million tons in 1987 to
1106 million tons in 2010; Nederladse Spoorwegen, 1992), to improve the hinterland con-
nections of the Rotterdam harbour, and to stress the role of The Netherlands as a distribu-
tion country. The project is included in the EU TEN list.
The railway will have only one intermediate station (CUP, cf. Figure 10.1), and will go
through mostly rural and semi-rural areas. Areas distant from Rotterdam and the CUP can
benefit only indirectly from the railway and will see few benefits. On the other hand, they
are affected by environmental and social costs. The spatial distribution of impacts is one of
the main reason for the conflicts which emerged during the decision proc ss.
Rotterdam
Papendrecht
Echteld
Nijmegen
Arnhem
CUP
Urban Gerlerland
Municipalities
affected
South Holland
Highways
Railways
Betuweroute
GERMANY
North Sea
Slidrecht
Gorichem Lingewaal
Tiel
Elst
Bemmel
Zeevenaar
PROVINCE OF SOUTH-HOLLAND
PROVINCE OF GELDERLAND
Figure 10.1. Map of the Betuweroute railway.
                                                  
1 Spatial data used in this case study are provided by the Province of Gelderland (NL). Special
thanks go to E. Schut, M. van der Venn and B. van Houten for their help in setting up the spa-
tial data base for the case study. The authors also wish to thank W. Hombrink (Province of
Gelderland) for useful information and advice. We are also indebted to the Provincial authori-
ties and the  Municipalities in Gelderland for the time spent in interviews and filling in the
questionnaires for the case study. Finally, the authors wish to recognise the useful exchange of
views with the Project Management team of the Betuweroute. The chapter expresses only the
authors’ views.
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This case study is suitable for a retrospective analysis of the relationship between conflicts,
distribution of costs and benefits, and concerns of policy units at different levels. The
DTCS methodology is applied to a single alternative (cf. Figur 10.1).
This chapter has two main objectives:
· To analyse the objections of policy units (Provinces, Municipalities), citizens, stake-
holders, and NGOs involved in the decision process on the basis of the results of the
public participation during the Betuweroute decision pro ess.
· To analyse the value systems of the actors involved and to identify the nature and char-
acteristics of the conflicts which emerged.
The first part of the analysis is based on the record of remarks and complaints of admini-
strations, public and private organisations, and citizens which were presented to the na-
tional authorities (initiator of the project) at one specific stage of the decision process. This
analysis serves to identify the concerns of regional and local actors and the reasons behind
the reactions recorded.
The second part of the analysis concerns the direct interview of (a sample of) the actors in-
volved to assess the attractiveness of the Betuweroute. This is meant to specify the per-
spectives of the policy units, the reasons for the conflicts, and the critical conflict fators.
10.2 The Betuweroute project
10.2.1 Area affected
The new railway2 will follow a route of about 130 km from the Port of Rotterdam
(Maasvlakte), via Papendrecht, Gorinchem, Tiel, Bemmel and Zevenaar to Emmerich, in
Germany. From Alblasserdam to Elst, it will follow the A15 highway. Although some of
the area around Rotterdam is urbanised, most of the area affected is agriculture, pasture
land or natural area (including the Betuwe area, a semi-natural area which gives the name
to the project).
The Betuweroute will be a two track railway exclusively for goods transport at a maxi-
mum speed of 120 km/h. The track will be served electrically and will be able to carry an
axle load of 22.5 ton, conforming to UIC norms. The characteristics of the areas in the
West to East corridor are the following:
· Rotterdam- Papendrecht: Mostly urbanised. Agriculture borders the urban areas, es-
pecially gardens and greenhouses. The area is dissected by various supra-regional in-
frastructure, including the shunting yard of Kijfhoek, and rivers. The parks of Rotter-
dam and IJsselmonde are in this region.
· Sliedrecht-Gorinchem: This is part of the marsh area of Alblasserwaard. It is a cattle
breeding area with many ditches and long, narrow parcels of land, mainly in open area.
South of the Betuweroute there is an urbanised area along the Beneden-Merwede with
                                                  
2 The Port Railway Line, which connects the harbour (Maasvlakte) to the start of the
Betuweroute in Rotterdam, is not investigated in this study.
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businesses accessing the A15 and the river.
· Lingewaal-Tiel: In the west the cattle area of the Vijfherenlanden fades into a river
clay area, which is mainly agricultural (River Linge). The river causes a big contrasts in
the landscape with depressions in the land and large blocks of land providing much
open space and small mounds making a more closed landscape. On these mounds, ag-
riculture and orchards are located.
· Echteld-Elst: Also characterised by depressions and mounds. There used to be many
sand mining locations for the construction industry, but presently used for recreation. In
the Betuwe area orchards are prominent.
· Bemmel-Zevenaar: This is the final eastern portion of the river/clay area with depres-
sions and mounds. Gardens and greenhouses are dominant near Huissen and Groessen
and orchards are dominant near Bemmel and between Angeren and Doornenburg. A-
jacent is the Pannerdensch Canal with accompanying old river tributaries with high
natural values.
10.2.2 The decision process
The main stages of the decision process are illustrated in Figu e 10.2. The details are
summarised in Annex I. The first step in this procedure (January 1991), was the publica-
tion by the ministers of Transport, Public Works and Water Management and Physical
Planning of the Startnotitie (Initial Document) which included several alternative routes
subject to an Environmental Impact Assessment (EIA). This EIA is mandatory for the cor-
ridor selection, but previous decisions are not subject to EIA (such as the decision to focus
on an East-West corridor, or the selection of a railway as opposed to improving roads or
waterways). Public participation started with the EIA.
In April 1992, the Key Planning Decision3 Betuweroute was published. The route along
the A15 highway was chosen on the basis of environmental and economic arguments. The
Key Planning Decision determines the route corridor within approximately 100 m hori-
zontally and 5 m vertically. It was accompanied by the Environmental Impact Assessment
and was open for appeal and for public participation.
After dealing with all objections, the ministers published in March 1996 the Draft Route
Decision4, in which the trajectory is exactly described, accompanied by detailed descrip-
tions and maps (scale 1:2500). The Draft Route Decision involved some major changes
compared to the Key Planning Decision, such as a tunnels instead of bridges at the river
Giessen and the Pannerdensch Canal, and a different crossing with a highway in Rotter-
dam/Barendrecht. The Draft Route Decision was open for participation of Municipalities,
Provinces and other governmental organisations involved, as well as for NGOs, stakehold-
ers, citizens and companies at the locations affected. Municipalities and Provinces had to
decide whether or not they would co-operate in the implementation of the Betuweroute in
the local and regional land use plans. Nine Municipalities refused to co-operate, and the
                                                  
3 Planologische Kern Beslissing (PKB).
4 Ontwerp Tracébesluit (OTB)
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modifications of the land-use plans will have to imposed by the Minister of Physical Plan-
ning. Most remarks to the Betuweroute were made at this stage of the decision process.
On December 4, 1996, the ministers of Transport, Public Works and Water Management
and of Physical Planning made the Route Decision5. It took into account the reactions to
the objections against the Draft Route Decision, and some other minor changes. The Route
Decision was also open for appeal. Only minor changes were made at this stage.
In this step-wise process, the scope of the decision is progressively reduced. The public
participation at a certain stage, and the objections presented at that stage, do not affect past
decision. Most of the reactions of citizens, administrations and organisations were pre-
sented to the Draft Route Decision, when the project and the route details were disclosed.
Ideally, each step is based on the public recommendations to the previous one. In practice,
the pace imposed by the national authorities to the decision process made this impossible,
resulting into overlaps and confusion between stages which undermined the trust of citi-
zens in the procedure and reduced their expectations on the effectiveness of their partici-
pation (Boom and Metze, 1997).
Startnotitie, EIA (5 alternatives)
Key Planning Decision 1, EIA, A15 alternative
Agreement Warnemünde (with German Government)
Key Planning Decision 4, changed on the basis of public participation
Preliminary Draft Route Decision
Report Committee Hermans
Draft Route Decision
Route Decision
Public participation or appeal
1/91
4/92
8/92
4/94
7/94
1/95
1/95
3/96
12/96 12/96 Tracéwet procedure
Other major events
Figure 10.2. The decision process for the Betuweroute.
10.2.3 Policy options
Compared to road development, a railway was considered as a better option for several
reasons. In particular, it allows to meet the predicted increase in freight transport in an ef-
ficient way (less traffic congestion) and respects the environment (less use of energy, less
emissions). Compared to water transport, rail transport is faster and more accessible.
                                                  
5 Tracébesluit (TB).
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After the acceptance of the Key Planning Decision by the Houses of Parliament, the re-
maining policy options were rather limited since after that decision the choice of the rail-
way and its corridor could not be changed anymore.
Therefore, the reactions and the objections of organisations, citizens and stakeholders fo-
cused on mitigation measures (sound barriers, tunnels, fly-overs, etc.). The strategic dis-
cussion to build a new railway instead of improving existing infrastructure (railways,
highways or waterways) or innovative new infrastructure (e.g. underground tube trans-
port) took place only at a late stage (1995). The Hermans Committee, which re-assessed
the project and gave a positive advice, justified the Betuweroute long after the important
decisions were made, but it also formulated some important boundary conditions for a
successful implementation of the Betuweroute, such as a tax increase on fuel
10.2.4 Policy actors
Several administrations and decision actors were involved in this plan: the European U-
ion, the Dutch Government, the Ministry of Environment, the Ministry of Transport, the
Dutch Railway company, the Provinces of Gelderland and South Holland, 27 Municipali-
ties, several Non-Governmental Organisations (NGOs) and interest groups.
The project was initiated and firmly supported at the national level (especially by the Min-
istry of Transport, the Government and the Railway company). The Province of South
Holland, where Rotterdam is located, maintained a low profile and a rather neutral posi-
tion. The Province of Gelderland, bordering Germany, has been very critical to the project
due the high regional environmental costs and the lack of benefits. The Municipalities have
reacted in different ways, ranging from strong opposition to relatively favourable judge-
ments. This depended on the magnitude of local impacts, but also on the specific attitude
and evaluation perspectives of local communities. Interest groups and NGOs have been
active at all levels, and their views have often been included in the local, regional or na-
tional perspectives. All considered, a rather distinct position could be associated to na-
tional, regional and local actors, making it possible to consider them as spatial policy units.
It should be noted, however, that not all units always maintained the same position. The
introduction of mitigation or compensation measures changed the position of some Mu-
nicipalities from strong opposition to neutrality (cf. van Drunen et al., 1997).
10.2.5 A qualitative analysis of the position of the policy actors
At the national level, the position of the two ministries involved (Ministry of Transport,
Public Works and Water Management - V&W - and Ministry of Housing, Physical plan-
ning and Environment -VROM) are reflected in several policy documents (Route Deci-
sion, TB, 1996; the Second Master Plan for Traffic and Transport, SVV-II, 1990; the
Fourth Report EXTRA on Physical Planning in the Netherlands, VINEX, 1991). These
two ministries closely co-operate regarding the Betuweroute. General concerns for the na-
tional level are to:
· strengthen the position of the main port of Rotterdam;
· improve the west-to-east transport axis;
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· decrease effects of car use (congestion, pollution, noise nuisance);
· minimise costs;
· maintain spatial variation of the Dutch landscape;
· keep unpolluted areas unpolluted, and pollution in other areas below certain levels;
· foster regional development;
· use spatial quality as a guiding principle (opportunities for future use, preservation of
diversity and identity).
· co-ordinate the decision between policy actors.
The objectives and concerns of the two Provinces involved are stated in several documents
at the provincial level (e.g. regional land use plans - Streekplannen) and also in the Route
Decision (TB, 1996). Main concerns are to:
· maintain spatial variation of the landscape and use spatial quality as a guidance princi-
ple for planning;
· strengthen the position of the main port of Rotterdam (especially in South Holland);
· foster the regional economic development and the creation of jobs (especially in Geld-
erland);
· minimise negative impacts of the infrastructure, minimise the cumulative impact with
existing infrastructures (especially in South Holland);
· minimise the impacts on the living environment (noise, vibration, risks) and the envi-
ronmental impacts in (semi-) natural areas and the landscape impact, including the sev-
erance of natural areas;
· achieve compensation for natural areas affected.
South Holland was clearly interested in strengthening the position of Rotterdam, while
Gelderland focused on the opportunities linked to the CUP and the possibility of building a
multimodal transport centre to strengthen the regional economy. The concerns of the Mu-
nicipalities were similar to the above, although the focus changed depending on the loca-
tion of the Municipality. All were concerned, to different extents, with noise impacts, vi-
brations, risks, local accessibility, and with damage compensation. Municipalities close to
Rotterdam, however, focused more on the economic impacts of the project. Municipalities
close to other end of the railway generally stressed environmental conservation issues,
such as preserving ecological function, landscape quality, rural character of the region, ar-
chaeological sites, etc. All Municipalities, however, were very concerned about their role
in the decision process and the possibility of having a say in the results. Citizens and
stakeholders expressed their views either through official channels (the public participation
and appeal stages) and through informal ones (media, meetings, etc.). The concerns of in-
dividual citizens are similar to those expressed by the municipalities, although some more
specific issues and very local concerns were often raised.
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10.3 Analysis of the reactions to the proposed route
10.3.1 Approach
The reactions of Province, Municipalities, citizens and stakeholders to the OTB took the
form of written documents presented to the national authorities (TB, 1996). Reactions
were collected, counted and classified into homogeneous groups. Similar remarks, such as
remarks on noise levels, were added together, irrespective of the wording or emphasis
used in presenting the remark. The objections of citizens and stakeholders were also clas-
sified and aggregated by Municipality. A summary of the remarks is given in Table 10.1.
Table 10.1. Summary of the complaints/remarks of 27 Municipalities, 2 Provinces, citi-
zens and stakeholders to the Betuweroute plan.
PSH MSH CSH-g CSH-s PG MG CG-g CG-s TOTAL
Procedures (participation, timing of decisions,…)No 0 25 338 5 3 37 842 86 1336
% 0 25 42 2 23 26 30 7
Living Environment (air pollution, water pollution, …)No 0 5 20 5 0 2 110 23 165
% 0 5 2 2 0 1 4 2
Noise (houses and other buildings) No 5 30 148 55 3 34 686 471 1432
% 56 30 18 24 23 24 24 41
Nature and landscape (ecology, landscape, history,..)No 4 8 25 42 5 12 47 125 268
% 44 8 3 18 38 9 2 11
Health and risks (accidents, …) No 0 6 37 11 1 7 125 78 265
% 0 6 5 5 8 5 4 7
Other (disturbance during construction,…) No 0 5 100 14 0 4 383 16 522
% 0 5 12 6 0 3 14 1
Accessibility  (local severance, route,..) No 0 18 18 59 1 41 41 270 448
% 0 18 2 26 8 29 1 23
Damage (individual properties, activities,..) No 0 4 125 40 0 5 588 90 852
% 0 4 15 17 0 3 21 8
Total remarks on decision procedures No 0 25 338 5 3 37 842 86 1336
% 0 25 42 2 23 26 30 7 25
Total remarks on nature and environment No 9 53 330 127 9 61 1352 713 2636
% 100 53 40 55 69 43 48 61 50
Total remarks on socio-economic issues No 0 22 143 99 1 43 627 360 1300
% 0 22 17 43 8 30 22 31 25
Total No 9 101 811 231 13 143 2821 1159 5288
% 100 100 100 100 100 100 100 100 100
Legend:
PSH = Province of South Holland;
MSH =  Municipalities in South Holland;
CSH-g = Citizens/stakeholders  in South-Holland Municipalities: general remarks;
CSH-s = Citizens/stakeholders in South-Holland Municipalities: area specific remarks;
PG = Province of Gelderland;
MG =  Municipalities in Gelderland;
CG-g = Citizens/stakeholders in Gelderland Municipalities: general remarks;
CG-s = Citizens/stakeholders in Gelderland Municipalities: area specific remarks.
Citizens and stakeholders expressed general remarks (e.g., the railway will create exces-
sive noise) and area specific remarks (e.g., the location xy will be affected by excessive
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noise). A few general remarks (less than 0.1%) have been omitted because they were not
clearly specified. Also, about 99.5% of all remarks of municipalities and citi-
zens/stakeholders presented contained negative comments about the railway and concerns
about its impacts. The positive comments are disregarded in the following analysis.
From Table 10.1 it is clear that most remarks focused on environmental issues (about 50%
of the total number of remarks collected). About 25% of the total number of remarks fo-
cused on procedural issues, including aspects such as the participation of local actors in
the decision process, the timing of the decisions, the overlap of different procedures etc. It
is interesting to notice that the relative share of these remarks increases going from Prov-
inces, to Municipalities, to citizens and stakeholders. This demonstrates a clear concern for
participation from local authorities and citizens, which demanded a more important role in
the decision process.
10.3.2 Spatial distribution of remarks
All Municipalities except for Rijnwaarden, where the Betuweroute is completely tun-
nelled, have taken the opportunity to react on the OTB. Nine out of 27 Municipalities re-
fused to co-operate with the Ministry to change their local land use plans: Heerjansdam,
Lingewaal, Geldermalsen, Buren, Lienden, Kesteren, Valburg, Elst and Duiven. Figure
10.3 shows that most remarks come from Rotterdam, Barendrecht, Giessenlanden, Gor-
inchem, Valburg, Elst and Zevenaar. Only two of them (Valburg and Elst) refused to co-
operate with the Ministry. The Municipality numbers (TB numbers) can be found in An-
nex 0.
Citizens and stakeholders focused on noise hindrance, damage and compensation for direct
effects and blight, the decision process and local accessibility and severance. The general
remarks outnumbered the area specific remarks by a factor of 2.6. Almost 80% of all
stakeholder remarks came from Gelderland, and from Zevenaar, Valburg, Duiven and Tiel
in particular. This spatial distribution can be partly justified by the impact distribution in
these areas. However, in these Municipalities many reactions were expressed using stan-
dard forms made available by local authorities and pressure groups (this can also be no-
ticed from the distribution of remarks within these areas). This has probably inflated the
number of remarks presented, since participation was organised and promoted (c.f. Boom
and Metze, 1997). Figure 10.4 shows the spatial distribution of the stakeholder remarks.
10.3.3 Differences between Provinces, Municipalities and citizens
Figure 10.5 shows the percentage of each type of complaint for Provinces, Municipalities
and citizens/stakeholders. Provinces show a different pattern compared to Municipalities
and citizens. However, noise and procedural remarks account for about 50% of all re-
marks in all cases. Remarks on nature and landscape, and health and risks are relatively
few for municipalities and citizens. Municipalities appear to be more concerned with envi-
ronment and landscape in comparison to the citizens/stakeholders.
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Figure 10.3. Spatial distribution of Municipality remarks. The darker the surface, the
higher the number of remarks.
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Figure 10.4. Spatial distribution of citizens/stakeholder remarks. Most remarks (dark
regions) come from Municipalities in Gelderland (numbers 13-27).
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The main difference between the distribution of Municipality and citizen remarks refer to
accessibility and property remarks (e.g. demolitions). The latter are emphasised by citi-
zens, directly affected, while accessibility and local planning  constraints are better ad-
dressed by local authorities.
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Figure 10.5. Percentage of remarks per class (left: Provinces; middle: Municipalities;
right: Citzens and stakeholders).
10.3.4 Correlation
Pearson correlation coefficients have been calculated for various combinations of spatial
impacts, remarks of Municipalities and citizens/stakeholders. A sample of the results is
shown in Table 10.2 The following main conclusions can be drawn:
· The number of houses exposed to higher noise levels than 57 dB(A) and the number of
houses demolished are good indicators for the number of reactions of the Municipali-
ties. Similar conclusions, but less marked, can be drawn for citizens remarks.
· There is a positive association between area features and remarks. Citizen remarks
show a significant correlation between spatial location (the TB-number increases w st-
east) and remarks (which increase west-east).
· Mitigation measures, such as high noise protection screens, show some positive corre-
lation with the number of remarks. The explanation can be that either they were not
considered as sufficient protection against noise, which remained a concern, or that they
raised other concerns, such as visual intrusion.
· Area specific and general remarks of citizens/ stakeholders are highly correlated
(correlation coefficient 0.92). The general remarks probably were an extrapolation of
specific remarks (for instance, there is a correlation of 0.95 between general noise r-
marks and area specific noise remarks).
A graphical comparison of the spatial distribution of impacts, municipality and citizens
remarks in shown in Figure 10.6. An impact index is used to summarise the main impacts.
The index is a linear combination of number of demolitions, length of the track in the mu-
nicipality, and number of houses exposed to noise levels higher than 57 dB(A), normalised
per number of inhabitants in a municipality.
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Table 10.2. Pearson correlation coefficients between area features,major impacts and
mitigation measures and remarks of municipalities and cit-
zens/stakeholders.
Municipality remarks Citizens/Stakeholders remarks
DP EN SE Total DP EN SE Total
Area features
TB-number 0.08 -0.06 0.29 0.19 0.38* 0.42** 0.40** 0.43**
inhabitants 0.53** 0.12 -0.02 0.19 -0.04 -0.05 -0.02 -0.07
track length 0.34* 0.40** 0.12 0.34* 0.12 0.19 0.20 0.22
Major impacts
houses > 57 dB(A) 0.28 0.35* 0.36* 0.46** 0.33* 0.44** 0.43** 0.44**
houses demolished 0.41** 0.69** 0.34* 0.62** 0.22 0.21 0.28 0.27
Mitigation
noise protection <1.5 m-0.01 0.05 -0.18 -0.10 0.16 -0.09 -0.10 -0.01
noise protection >1.5 m0.41** 0.40** 0.24 0.44** 0.21 0.26 0.31 0.28
** = significant within 95% confidence intervals, * = 90%. DP= Decision Procedures, EN=environment, SE=
Socio-economic
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Figure 10.6. Relationship between impacts and remarks of municipalities and citi-
zens/stakeholders.
Hardly any other significant correlation was found between the number and distribution of
remarks and other area features, such as age distribution, urban-rural distinction, and in-
come distribution. Similar negative results were obtained for the correlation between re-
marks and the political composition of the local administration (results of election results
for the Lower House of Parliament in 1994). This is shown in Table 10.3. Only a high per-
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centage of voters for the Green party and of D66 (a “progressive” party) or a low percen-
age of voters for the small conservative Christian parties are associated with a high num-
ber of remarks.
Table 10.3. Pearson correlation between remarks and voters preferences in the mu-
nicipality (results for the Lower House of Parliament in 1994).
Municipality remarks Stakeholder remarks
DP EN SE Total DP EN SE Total
VVD (“liberal”) -0.05 0.12 -0.06 0.01 -0.10 -0.09 -0.04 0.02
Small Christian parties -0.24 -0.05 -0.20 -0.23 -0.23 -0.21 -0.23 -0.24
CDA (“conservative”) 0.22 0.20 0.19 0.29 0.24 0.25 0.22 0.21
D66 (“progressive”) 0.33* 0.17 0.35 0.40** 0.36* 0.34* 0.37* 0.36*
PvdA (“social-democrats”)-0.26 -0.35* -0.11 -0.30 -0.04 -0.19 -0.12 -0.10
Groen Links (“greens”) 0.50* 0.15 0.25 0.35* 0.21 0.23 0.29 0.25
Other 0.36* 0.02 0.07 0.16 0.04 0.04 0.07 0.02
** means significant within 95% confidence intervals and * within 90%. DP= Decision Procedures,
EN=environment, SE= Socio-economic
10.3.5 Discussion
The analysis has shown that the number of remarks by Municipalities and stakeholders are
closely related to certain spatial impacts, such as the number of houses exposed to high
noise levels. Municipality remarks, and citizen remarks in particular, tend to increase for
areas distant to Rotterdam. The likely reason is that the economic impulse of the project
will peak in Rotterdam, while distant areas are less likely to benefit, making their costs-
benefits balance less favourable.
The whole economic rationale of the Betuweroute has been questioned on several occa-
sions. First of all, although the economic consequences of the project are expected to be
positive, their magnitude remains very uncertain (CPB, 1993, 1995; Hermans, 1995). The
effectiveness of the railway to promote a modal shift from road to railway is also  doubtful,
since it will probably depend on external factors such as the fuel price (Hermans, 1995).
The difficulties in predicting economic effects are accentuated for the regional and local
scales. The number of jobs created or the ability to generate business for some areas are
hard to anticipate making it difficult to perform any type of informed regional and local as-
sessment of benefits. In addition, recent studies on the regional effects of transport corri-
dors (Bruinsma et al., 1997) question the significance of large transport infrastructure,
such as highways, on regional economic growth (apart from the positive effects to the
transport sector). The local environmental and social costs are, on the other hand, clearly
recognisable. In a situation characterised by certain costs and uncertain benefits, the ac-
ceptability of the project for those affected by costs depends on the degree to which they
can be minimised.
The analysis highlight a scale and location differentiation of the position of policy units.
However, an extensive statistical analysis of the correlation between social, economic and
political features of these areas and of the objections registered resulted in very few sig-
nificant associations.
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The complaints presented in an area have to be analysed very carefully, since they may be
a biased measure of the intensity of concern in that area. There are several possible expla-
nations for this, mostly related to procedural biases. In some areas, the public participation
was guided, supported, and stimulated by the local authorities, resulting into a high num-
ber of complaints. Although it can be argued that this is an indication of high concern, the
number of complaints for some areas probably includes an amplification factor which
makes the comparison between areas difficult. This distortion mechanism plays a role es-
pecially for citizen remarks. Objections also include a strategic behaviour component,
which is relevant in light of the evaluation process applied to the Betuweroute decision. At
the level of the Draft Route Decision, only few aspects of the project could still be modi-
fied. Many units considered the plan at that stage as unattractive, and the changes still pos-
sible were not sufficient to modify their position. Since the national authorities were de-
termined to proceed, the only sensible strategy for the local communities was to request
mitigations and compensations. Depending on several factors, such as the likelihood of
obtaining the requested mitigations, this has probably determined type and number of re-
marks presented, distorting the relationship between objections and unattractiveness of the
plan. This distortion can be positive, and amplify the number of remarks, but also negative,
and reduce the complaints. This may have happened for units familiar with the procedures
having being involved in similar evaluations in the past. Some considered the effectiveness
of these participatory tools as poor and did not invest in this approach. Several interviews
with local authorities showed that other informal channels were often preferred to achieve
the desired outcomes at the local level.
Municipalities which show a high ratio of remarks to impacts, both from Municipalities
and citizens/stakeholders, are: Gorinchem and Giessenlanden (S-H), and Zevenaar, Elst,
Valburg and Duiven (G). This suggests that especially here other factors or impacts than
those considered in the formal procedures probably have influenced the reactions of the
stakeholders and Municipality councils.
10.4 Analysis of the value system of the units: structuring the
evaluation
The intrinsic (un)attractiveness of the project can be analysed with a multicriteria value
function model. This analysis was carried out ex-post and was limited to the Province of
Gelderland and to a sample of eight of its Municipalities6. The goal is to highlight con-
cerns, descriptors and weights applied by each unit, as much as possible independent of
procedural distortions. Value function models were based on direct interviews7. The
model requires, for each unit, the specification of:
1. the concerns of the unit;
2. the evaluation descriptors which make concerns operational and measurable;
                                                  
6 Municipalities are indicated with M1,…, M8 and the Province with P. The numbers do not cor-
respond to those in Annex 2. The value model of each unit is reproduced here for scientific pur-
poses and are not meant to represent the political position of the units.
7 Interviews were either conducted face-to-face, or by telephone, or with the help of question-
naires specifically designed for this purpose.
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3. the impacts for each descriptor;
4. the attractiveness of each impact separately;
5. the relative importance of different impacts;
6. the aggregation rule which leads to the overall attractiveness of the plan.
Figure 10.7 illustrates the main concerns of the national, regional and local policy units.
Some concerns are shared by all units (e.g., landscape concerns), while some are unit-
specific and depend both on the scale and location of the unit. To assess the attractiveness
of the Betuweroute against these concerns, descriptors need first to be defined, so that the
impacts of the railway can be measured in terms of the concerns of the policy units.
NATIONAL CONCERNS
- strengthen the position of Rotterdam -
decrease the effects of private transport
(pollution etc..)
- minimize costs of the project
- maintain the spatial structure of Dutch
landscape
- foster regional development
- achieve coordination with local authorities
….
CONCERNS OF SOUTH-HOLLAND
- strengthen the position of Rotterdam
- keep the quality of the landscape
- minimize environmental impacts
- avoid cumulating of impacts
- achieve high levels of compensation
- prevent separation of natural areas
...
CONCERNS OF GELDERLAND
- minimize impacts on people (noise,
relocation, risks etc.)
- reduce pollution and road congestion
- keep landscape quality
- create jobs and economic opportunities
- maintain freedom of planning for the
Province
….
CONCERNS OF A MUNICIPALITY
- minimize noise
- prevent landscape modifications
- protect natural areas
- bundle the line with existing
infrastructure
...
CONCERNS OF A MUNICIPALITY
- minimize noise and vibrations
- preserve landscape
- avoid demolitions
- prevent accidents
- limit the hindrances during construction
- minimise the costs for the Municipality
- minimise constraints to spatial planning
- prevent changes to the spatial structure
...
Betuweroute
Figure 10.7.  A sample of the concerns of the main policy units.
Table 10.4 summarises concerns and descriptors of the units considered. Most impacts are
calculated on the basis of a Geographical Information System, which was used to model
the effects of the railway and to extract the impact profile for each unit.
An example of impact computation with GIS is shown in Figure 10.8 (number of houses
exposed to higher noise levels than 57dB(A)) for two units with the same descriptors.
Some other impacts were assessed by direct judgement on constructed scales. The scales
shown in Table 10.4 are simplified versions of those used in the assessments. The scale for
vibrations, for instance, distinguishes between:
1. (No effect) Levels imperceptible for people, with no damage to structures and build-
ings and no effects on industrial activities sensitive to vibrations.
2. (Moderate effect) Disturbance to industrial activities, or long-term potential damage to
buildings and constructions, or disturbance to people.
3. (High effect) Levels which disturb people, affect buildings and structures and prevent
the operations of industrial activities sensitive to vibrations.
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Table 10.4. Concerns, descriptors and impacts for the Province and Municipalities.
Concerns Detailed concerns (and impact descrip-
tors)
P M1 M2 M3 M4 M5 M6 M7 M8
Effects onDemolition (n. buildings demolished)175 15 3 4 17 5 72
people Noise (houses exposed to > 57dB(a))423 28 26 32 34 11 3 24 52
Vibrations (constructed scale) 3
Accidents (km line in unit) 81 8 5.4 7.2 5.4 2.6 1.8 0.2 7.3
Accidents (n. dangerous crossings) 0 1 2 1 1 2
Environm.Landscape (km in charact. landscape)47 8 0.3 3 0 0 0.4 0.2 5.8
Landscape structure (constructed scale) 3 1 2 2 2 2 2 2
Nature (important areas affected) 12 0 1 2 0 1 2 1
Air pollution (constructed scale) 1
Traffic congestion (constructed scale)1
Cultural heritage (n. sites affected)11
Socio- Agriculture area lost (ha) 790 69 50 70 80 20 20 2
economy Economic impacts (constructed scale)0 0 0 0 0 0 0
Temporary hindrance (years) 6
Planning constraints (constructed scale)2 2 2
Costs for the unit (Million Guilders) 2
Scale for vibrations: 3=high effect; 2=moderate effect; 1=no effect. Scale for air pollution:
1=increase; 0=no effect; -1= decrease. Scale for traffic congestion: 1=increase; 0=no effect; -1= de-
crease. Scale for landscape structure: 1=line bundled with highway; 2= partly bundled; 3=line in
open area. Scale for economic impact: 2=structural, positive; 1=positive; 0=none; -1=negative.
Scale for planning constraints: 2=high, significant constraint, 1=moderate constraint; 0=none.
Demolition (n. buildings demolished)17 15
Noise (n. houses within the 57dB(A) contour)34 28
Accidents (km line in municipality)5.4 8
Accidents (n. crossing in municipality)0 2
Landscape (km line in characteristic landscape)0 8
Landscape structure (constructed scale)2 3
Nature (n. areas affected)0 0
Agriculture (ha lost)80 69
Economic impact (constructed scale)0 0
Figure 10.8. Example of computation of impacts with GIS. The map shows the 57dB(A)
noise contours which include the mitigation effect of noise barriers. The
impacts in bold in the table are the result of GIS computations.
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10.5 Attractiveness of the railway for a policy unit
10.5.1 The value function model
The attractiveness of the railway for a policy unit was based on an additive value function
model. If Ui is the unit and Xi=(x1
i,…,xn
i) is the impact profile of the railway in Ui, the at-
tractiveness of Xi is defined as:
v X v x x w v xi i n
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where, wj
i is the weight of criterion j for unit Ui, and vj
i(xij) is the attractiveness of the indi-
vidual impact xij . The assessment of the individual value function vj
i(xij) was based on di-
rect rating on a seven-point value scale, while weights wj
i re a sessed through direct
rating of swing weights (cf. Beinat, 1997).
Table 10.5 shows the attractiveness scores for the individual impacts, that is the vj
i(xij)
terms. Scores are normalised between + 1 (impact level meets a strategic objective of the
unit), 0=(neutral impact) and - 1 (the impact level is unacceptable for the unit). For each
impact, only the positive (0/1) or negative (-1/0) range is used.
The 0 level (the neutral impact) was selected by the assessors. In most cases it was associ-
ated to the status-quo, that is to the projection of the current situation into the  future. For
nature and landscape structure some units have chosen a different reference level, corr-
sponding to the expected impact of a previous design of the railway. For M4, for instance,
the fact that no natural areas were affected becomes a very positive outcome (instead of a
neutral outcome) compared to a previous design which had significant ecological impacts.
By comparing Table 10.5 with Table 10.4 it is clear that similar impacts for different units
may receive different attractiveness judgements. M1 and M4, for instance, score 15 and
17 demolitions, respectively. The attractiveness scores, on the other hand, are -1 and -0.33.
There are two possible explanation for this difference. The first is simply that the number
of houses demolished counts less in M4. The second is that the number of houses demol-
ished is only a proxy indication of a more fundamental concern: an indicator of cause
rather than effect. The specific buildings involved, or the people who inhabit these houses,
or the location of the buildings in the urban fabric, are aspects which contribute to the
(un)attractiveness of demolitions. The number of buildings is only one of the indicators
which are considered by a unit when assessing the (un)attractiveness of demolitions. This
indicator is used by all units because is easily measurable.
The overall attractiveness of the railway was computed with a weighted sum. The results
are shown in Figure 10.9. The zero-line corresponds to the neutral profile for each unit,
while the -1 line is associated to the worst impact profile for each unit (worst impact on all
criteria). The overall attractiveness of the railway in a unit is normalised between these two
levels. All these units consider the Betuweroute as an unattractive project. The level of un-
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attractiveness is highest for M8, while M2 is the closest to the neutral level8. Figure 10.9
also shows the number of objections presented by the units, normalised against the largest
number within the group (that of M8). The attractiveness score and the number of objec-
tions registered do not show any significant relationship.
Table 10.5. Attractiveness scores (-1=maximum negative; +1=maximum positive).
Concerns Criteria (and impact descriptors) P M1 M2 M3 M4 M5 M6 M7 M8
Effects on Demolition (n. buildings demolished)-0.17 -1 0 -0.33-0.33-0.33 -0.83
people Noise (houses exposed to > 57dB(a))-0.33-0.83 -0.5-0.83 -1 -0.83-0.67-0.67 -1
Vibrations (constructed scale) -0.83
Accidents (km line in unit) -0.17 0 0 -0.17 0 -0.5 0 -0.33-0.83
Accidents (n. dangerous crossings) 0 -0.17 -1 -0.5-0.33 0.33
Environm. Landscape (km in charact. landscape)-0.17 -0.5 -0.5-0.83 0 0 -0.83-0.83 -1
Landscape structure (constructed scale)0 0.17-0.17 1 -1 0.33 0.5 -0.5
Nature (important areas affected)-0.5 0.5-0.67 -0.5 1 0 -0.67-0.83 -0.5
Air pollution (constructed scale) -0.5
Traffic congestion (constructed scale)-0.83
Cultural heritage (n. sites affected)-0.33
Socio- Agriculture area lost (ha) -0.17-0.67-0.33 -1 -0.5 -0.5-0.33 -0.5
economy Economic impacts (constructed scale)0 0 0 -1 -1 0 -0.33
Temporary hindrance (years) -0.83
Planning constraints (constructed scale)-0.67 -0.67 -0.83
Costs for the unit (Million Guilders) -0.83
-1
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
Province M1 M2 M3 M4 M5 M6 M7 M8
Attractiveness
Objections
Figure 10.9. Overall attractiveness score for the eight Municipalities and for the Prov-
ince. The number of objections registered in these units  is shown with
positive bars.
                                                  
8 The comparison of levels of attractiveness is possible if the 0 and the -1 scores have the same
substantive meaning for all units. While this is a reasonable assumption for the neutral profile
(the 0), this is a rather strong assumption for the worst possible profile (-1).
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10.5.2 Weights
The overall attractiveness depends on the weights associated to each descriptor by each
policy unit. Within an additive value model, these weights are trade-offs between impacts
and do not necessarily reflect a concept of relative importance (cf. Chapter 4; cf. also Be-
inat, 1997; Bana e Costa and Vansnick, 1997; Keeney, 1992).
Figure 10.10 shows a recalibration of the original weights so that they can be compared
between units. For each unit, the bars show the improvement in the overall attractiveness
of the railway obtained by:
· (noise) reducing the number of houses exposed to higher levels than 57dB(A) from 25
to 0, or;
· (landscape) shortening the route in valuable landscapes from 1 km to 0 km, or;
· (accidents) shortening the route in the Municipality from 1 km to 0 km.
1 1 1 1 1 1 1 1 1
0.43
0.18
0.99
0.37
0.00
0.49
0.03
2.30
0.31
0.13
3.84
0.08
0.03 0.00
0.22
0.00 0.00
0.31
0
0.5
1
1.5
2
2.5
3
3.5
4
 P M1 M2 M3 M4 M5 M6 M7 M8
Noise (25 Buildings)
Landscape (1km)
Accidents (1km)
Figure 10.10. Trade-offs between three criteria: noise, landscape and accidents. For
each unit, each bar indicates the improvement in the overall attractiveness
obtained by reducing the noise impact of 25 houses, or the landscape im-
pact of 1 km, or the accidents impact of 1 km. Noise (25 houses affected) is
taken as  a reference and is assigned the score of 1.
In all situations there is an impact reduction and thus an improvement of the attractiveness
of the impacts. The relative size of this improvement is linked to the weight of noise, land-
scape and accidents, respectively9.
                                                  
9 It is clear that this interpretation of weights is meaningless without specifying the quantities
which are compared and the initial profile from which impacts are reduced or increased. In the
case of linear value functions, like in this case, trade-offs depend only on the quantities and not
on the starting point.
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To compare the trade-offs for different units, the value model of some of them had to be
extrapolated to include the profile [noise=25; landscape=1; accidents=1]. This occurred
for M2 (landscape), M5 (noise), M6 (noise and landscape), M7 (landscape and accidents).
The value functions of these units are linearly extrapolated outside their original range.
This is a major simplification, which probably explains the extreme weights of M7. This
unit is affected by landscape and accident impacts much lower than those considered here.
Apart from M7, Figure 10.10 shows that the weight of noise (25 houses) is the highest for
all units and that the weight of landscape (1 km) is higher than (or equal to) that of acci-
dents (1 km). The differences between weights are the result of a different subjective as-
sessment of the same impact, but possibly also of a slightly different interpretation of the
impact itself (cf. Section 10.5.1 above).
10.6 Conflicts
The analysis shows that all units considered in this study rate the project as unattractive.
Since the project at the national level was considered as highly attractive (although there is
no comparable value model from where this conclusion can be deduced), there is a conflict
between the national level and the regional and local levels, which would fare better with
the status quo. In the Betuweroute project, other conflicts occurred also between national
and local levels of the other region involved (South Holland) and between Municipalities
and Provinces.
The degree of conflict is the result of the distribution and intensity of impacts, of the dif-
ferent unattractiveness of the impacts as perceived by the units, and of the weights as-
sessed by each unit. To reduce conflicts in such a situation, two basic strategies can be
considered:
1. To mitigate or compensate impacts so that the impact profile of the project moves to-
wards the neutral line.
2. To introduce new elements into the plan, such as additional projects or infrastructure,
so that positive outcomes for local levels can be enhanced.
In the first case, mitigation and compensations are meant to reduce the unattractiveness of
the project for the regional and local units. Table 10.6shows the negative weighted attrac-
tiveness scores (the negative wj
i vj
i(xij) values). High negative scores, like those in bold, are
the result of one or more of these factors: a bad impact, a low attractiveness of the impact,
a high weight. For each unit, negative values higher (in absolute terms) than the average of
the negative scores are called critical scores. Reducing the impact corresponding to a criti-
cal score produces a (comparatively) higher reduction of unattractiveness for the unit.
Noise is a critical factor for all units. It is either the most or the second most critical factor.
Landscape impacts are a critical factor for 5 units, while impacts on natural areas and agri-
cultural area lost are critical factors for 4 units.
Therefore, noise mitigation is the most effective measure to reduce the unattractiveness of
the railway at the regional and local level. This type of mitigation can be introduced with-
out modifying the basic project design. Reductions in the landscape and nature impacts, on
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the other hand, can be obtained by modifying either the horizontal or vertical alignment of
the project, with consequences on the other impacts and on costs.
A limit situation would be reached when all negative impacts can be reduced so that they
become negligible for all units considered here. If the project remains attractive for the n-
tional level, this would probably become an acceptable solution for all units. There was a
suggestion, for instance, that a whole section of the railway could be routed through a tun-
nel, making the project neutral at regional and local levels. However, cost and feasibility
arguments made this proposal unattractive for the national level and the plan was aban-
doned.
Table 10.6. Critical scores normalised between -1 and 0 for each unit. Bold numbers
indicate weighted attractiveness scores lower than the unit’s average (**
corresponds to attractive impacts).
Concerns Criteria (and impact descriptors) P M1 M2 M3 M4 M5 M6 M7 M8
Effects onDemolition (n. buildings demolished)-0.4 -1 0 -0.3 -0.4 -0.5 -0.8
people Noise (houses exposed to > 57dB(a))-1 -0.8 -0.7 -0.8 -1 -0.9 -0.7 -1 -1
Vibrations (constructed scale) -0.5
Accidents (km line in unit) -0.8 0 0 -0.2 0 -0.4 0 -0.4 -0.9
Accidents (n. dangerous crossings) 0 -0.1 -0.8 -0.6 -0.5 0
Environm.Landscape (km in charact. landscape)-0.6 -0.6 -0.2 -0.7 0 0 -0.8 -0.6 -1
Landscape structure (constructed scale) 0 ** -0.2 ** -1 ** ** 0
Nature (important areas affected)-0.5 ** -0.8 -0.6 ** 0 -0.6 -0.8 -0.2
Air pollution (constructed scale) -0.7
Traffic congestion (constructed scale)-0.9
Cultural heritage (n. sites affected)-0.3
Socio- Agriculture area lost (ha) -0.2 -0.7 -0.3 -0.9 -0.2 -0.7 -0.4 -0.1
economy Economic impacts (constructed scale)0 0 0 -0.6 -0.8 0 0
Temporary hindrance (years) -0.6
Planning constraints (constructed scale)-0.5 -0.5 -0.3
Costs for the unit (Million Guilders) -0.4
An alternative to complete mitigation is to introduce positive impacts for the local and re-
gional levels. An attempt in this sense has been made by the regional level, which consid-
ered the extension of the plan to include a series of ancillary projects, such as a multimodal
terminal for combining rail and water transport. The revised plan increases the overall en-
vironmental impacts, but it is expected to generate significant economic benefits (as many
as 8000 jobs). In this new situation, the combined projects (Betuweroute + regional infra-
structures) become attractive from the Province’s perspective.
It is interesting to notice that, even on the basis of very simple value models, the effective-
ness of mitigations, compensations and revised plans to reduce conflicts can be easily as-
sessed. This analysis can be also used to suggest these measures and explore a wide range
of revisions which could support the negotiation phase and the design of improved plans.
10.7 Discussion and conclusions
This chapter illustrates an approach for the analysis of the perspectives of spatial actors for
the evaluation of transport policies. The approach combines spatial analysis and decision
analysis and offers a framework for the study of the perceptions of multiple actors. The
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example of the Betuweroute shows that objectives, concerns and their importance are spa-
tially differentiated. The analysis of the impacts of the project also demonstrated that proj-
ect acceptance does not simply depend on the magnitude of impact but also, perhaps espe-
cially, on the evaluation perspective of the spatial actors involved. This can be used to un-
derstand the nature and severity of spatial conflicts, but also to isolate those issues which
generate more conflicts.
The positive reactions received from those who experimented with this approach suggest
three main added values. The first is the possibility of revealing conflicts earlier, before
they crystallise and jeopardise the interaction between actors. The second is the possibility
of narrowing the focus and increasing the effectiveness of the search for conflict resolution
measures. The third is an increase in the transparency and communicability of the per-
spectives and positions of different actors.
There are also a number of critical issues which deserve special attention. An important
one is the delicate balance between the stage at which a value function model can be rea-
sonably assessed and the stage at which its results would be most useful.
The case study demonstrates that local units want to participate in the planning process
from the early stages. Disclosing conflicts at this stage would be most useful, so that pol-
icy measures can be designed to prevent conflict as much as possible, and to take into ac-
count the needs and expectations of multiple actors. However, this case also shows that
when there is insufficient evidence on the positive outcomes of a plan, local units stress the
negative ones. The lack of precise evidence is characteristic of strategic evaluations (cf.
Thérivel and Partidário, 1996) at early planning stages. The risk, therefore, is of trans-
forming early participation into early opposition.
Following a structured value analysis may increase the acceptability of the evaluation and
participation. However, a value function model for local units can be assessed when local
effects are sufficiently clear. This usually occurs close to the final stages of the design,
when modifications to the plan are difficult to implement or require costly re-designs.
The right balance between the moment at which participation starts, the content of the de-
cision at that stage, and the impacts which can be calculated at that stage are critical fac-
tors which determine the effectiveness and usefulness of analytical conflict analysis.
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Annex I: The Betuweroute procedures
The Tracéwet (Law on infrastructure lines), which was accepted by the Lower House of
Parliament in 1992, co-ordinates decision-making with respect to physical planning and
environmental issues. It is embedded in existing laws dealing with physical planning (such
as the Town and Country Planning Act). The Tracéwet deals with all kind of large infra-
structure works, such as main roads, national railways or large waterways. This Annex is
largely based on Brussaard (1992).
For large projects of national interest, such as the Betuweroute, a special procedure is in-
cluded (Chapter IV A). This procedure has been introduced because the benefits of such
projects are usually only on (inter-)national level, while the main costs are on the local
level. Thus, in projects of national interest, local governments cannot uphold the proce-
dures.
The tool used in this special procedure is the Key Planning Decision, which describes the
corridor of the line within 50-100 meters horizontally and a few meters vertically. This
special Key Planning Decision takes over the role of the Trajectnota of the normal proce-
dure which considers several alternative lines. The differences with the normal procedure
are that the Minister of Transport, Public Works and Water Management can change the
track only within the limits stated in the Key Planning Decision, and that the appeal against
the final decision (the Route Decision) cannot have a relation to the contents of the Key
Planning Decision. Thus, once the corridor has been selected, it cannot be changed any-
more in following procedures, unless a new Key Planning Decision for (a part of the track)
is published10. Together with the Key Planning Decision an environmental impact analysis
is carried out.
The Key Planning Decision is open for everyone to give his oral or written remarks. The
concept-Tracéwet did not allow stakeholders to appeal to the Key Planning Decision at the
Council of State11, the general board for public laws. However, the Lower House of Pa-
liament amended this part and, therefore, in the Betuweroute procedure several Munici-
palities and the Province of Gelderland appealed to the Key Planning Decision at the
Council of State.
The Provinces and Municipalities must give their opinion on the contents of the Key Plan-
ning Decision. Then, the ministers of VROM (Housing, Physical Planning and Environ-
ment) and V&W (Transport, Public Works and Water Management)  have to design a
Draft Route Decision. Stakeholders have the right go give their opinion on the Draft Route
Decision. Provinces and Municipalities must decide at this point whether they will co-
operate to implement the route in their regional and local land use plans (streekplannen
and bestemmingsplannen). If they do not co-operate, the minister can take over
(aanwijzing).
                                                  
10 This was done in the case of the Betuweroute for several parts: in Rotterdam/Barendrecht
where a crossing was changed and in other places where tunnels are planned which were not
foreseen in the Key Planning Decision (e.g. at the Pannerdensch Canal).
11 Afdeling Bestuursrechtspraak van de Raad van State (RvS).
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If the minister of Transport, Public Works and Water Management, in agreement with the
minister of Housing, Physical Planning and Environment, decides that the choice of the
track remains unchanged, they must prepare the Tracébesluit within five months after the
Draft Route Decision had been made.  In the meanwhile the minister of Housing, Physical
Planning and Environment gives indications to the Municipalities and Provinces to change
their Land Use Plans in order to implement the track. Stakeholders can appeal at the
Council of State.
After this procedure is completed, the actual building can take place, but it must start
within 3 years, otherwise the whole plan must be dropped.
Any objection regarding the building of the track may not deal with the content of the
Route Decision.
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Annex II: Numbers associated to the Municipalities
1. Rotterdam
2. Barendrecht
3. Heerjansdam
4. Zwijndrecht
5. Hendrik-Ido-Ambacht
6. Alblasserdam
7. Graafstroom
8. Papendrecht
9. Sliedrecht
10. Hardinxveld-Giessendam
11. Giessenlanden
12. Gorichem
13. Lingewaal
14. Geldermalsen
15. Neerijnen
16. Buren
17. Tiel
18. Echteld
19. Lienden
20. Kesteren
21. Dodewaard
22. Valburg
23. Elst
24. Bemmel
25. Rijnwaarden
26. Duiven
27. Zevenaar
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11. Case study: restructuring the public transport in
Lombardy
Elena Foresti, Eliot Laniado, Simona Muratori nd Paola Tagliavini
Consorzio MIP- Politecnico di Milano
Milano, Italy
11.1 Introduction
The Regional administration of Lombardy in Italy (F gure 11.1) is responsible for the
financial support of the regional public transport service. During the last years, the public
subsidies to bus companies increased while the market share and the quality of service
decreased (Transystem, 1995). The Regional authorities now require an urgent
restructuring of the bus network.
Regional Act 13/1995 specifies that the non-urban bus network be divided into areas,
within which the bus licences are tendered out. In this way, Lombardy aims at improving
the effectiveness of Local Public Transport (LPT) by increasing the competition among
bus operators, while at the same time diminishing the amount of Regional subsidies to bus
companies.
Figure 11.1. Map of Italy.
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Zoning is a key step of this process. A zoning is a specific division of Lombardy in
geographical areas which are as much as possible homogenous in terms of transport
demands. Bus companies have to compete with each other within an area to receive the
licence to operate in the area. Licences are allocated through public tenders. The applicants
(bus companies) are requested to present a transportation plan for the bus network in order
to fully meet the present transportation demand and to increase the availability of public
transport in the area.
Setting the boundary of the areas is a critical choice. On the one hand, areas should be
large enough to make them economically attractive for the applicants. Large areas would
also simplify the management of the process, which is a responsibility of the Provinces. On
the other hand, the larger the areas, the lower the competition between bus companies.
This would probably result in a low level of savings for the regional administration. In
addition, large area would favour the major bus companies and make it difficult to operate
for small companies. In general, the choice of zoning will have effects on the economic
efficiency of the transport network, on the level of service to the public and also on the
employment level in the bus companies.
There are two main steps in this decision process.
The zoning step. The Transport and Mobility Department of the Regional Administration,
called Region in the following, is the decision maker. The Region’s main activities concern
the implementation of national acts in Lombardy, and the management of the regional
transport. With the support of MIP (as external consultant), a complete methodology for
the zoning step was developed. Through negotiation between the Region and each
Province, a proposal for the zoning of each of the eleven Provinces of Lombardy was
made. Provinces are the local authorities who manage the administration aspects of the
public bus transportation system, and with the introduction of the areas are going to be
directly responsible for management and planning aspects.
The approval step. The proposal has to be submitted to the “Giunta Regionale” - the
Regional executive body - for the approval. The Giunta takes into account the result of the
negotiation between the Region and Provinces, which are not binding. A specific Council
Committee, whose main activity is the assessment of transport projects and where all
political parties are represented, has to make the final approval. The Giunta wil  then carry
out the final design of the zoning.
This case study focuses on the zoning step, which began in February 1996 and finished in
January 1997. The second, and more political, step of the process is not described in this
chapter, and was still under way at the beginning of 1998.
The actual success and implementation of the system depends on the implementation of
Regional act 13/1995, which is not simply a Regional implementation of the most recent
national directives on public transport (DL 19/11/1997 n. 422). In fact, the National act
doesn’t specify ways to manage the bids for organisation of bus transportation. Therefore,
the Regional approach is not in contradiction with national policies. However, the final
implementation of the zoning and tendering approach depends on other factors, such as:
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· The National act establishes, during the transition between a system to another,
different conditions apply to public and private bus companies in terms of licence
assignment. This also prevents that public companies have to go through a tender
procedure to obtain licences, thus creating a strong conflict between public and private
bus companies which may delay the implementation of the law.
· The 20 Italian Regions should fix homogeneous criteria for the bids, in accordance with
the National act. However, it is very difficult to achieve such a result, due to the
differentiation of Regional conditions, such as the prevalence of public or private
companies, the different numbers of companies, the different morphology and
extension of the Regions, etc.
11.1.1 The Lombardy Region
The area involved in the project is the whole Lombardy Region (23.855 sq. Km., 9 million
inhabitants), divided into 11 Provinces (ranging from 780 to 4.800 sq. Km) (cf. Figure
11.2). One of the largest urban conglomeration in Europe stretches around the city of
Milano, where the population density is 1.413 inhabitants/sq. Km. The mountains in the
north, covering the 40,6 % of the whole area, are residence for only the 11 % of the
Regional population, with a density between 55 and 300 inhabitants/sq. Km (cf. Figure
11.3 and Table 11.1).
In 1995, 160 bus companies provided public transport in Lombardy. The service areas in
many cases overlapped. About 25% of the bus companies managed 90% of total bus*km
produced in Lombardy (cf. Table 11.2).
Figure 11.2. Lombardy Region and its eleven Provinces.
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Figure 11.3. Distribution of urban areas.
Table 11.1. Basic facts about Lombardy
Provinces Municipalitiesarea (km2) population (1991)density (inhab/ km2)
Milano 188 1.980 3.903.391 1.413
Bergamo 244 2.721 930.854 337
Brescia 206 4.782 1.048.370 219
Sondrio 78 3.211 175.756 55
Lecco 90 816 296.374 363
Como 163 1.288 792.412 383
Varese 141 1.198 795.391 664
Pavia 190 2.964 489.189 165
Lodi 61 782 185.680 237
Cremona 115 1.770 326.797 185
Mantova 70 2.338 369.104 158
Lombardy 1.546 23.855 8.831.264 370
Table 11.2. Local Public Transport in Lombardy
Number of bus companies (1995) 160
Bus companies that manage up to 5 lines 127
Bus companies that manage more than 40 lines 4
Daily (commuters) users of LPT (out-of town trips in 1991)approx. 600.000
11.1.2 Actors involved in the problem
Two type of actors are involved in the restructuring proess of ublic transport. Ac ive
actors are directly involved in the decision process. They are the Lombardy Region and the
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eleven Provinces. Passive actors affected by the policy are the National Government, the
municipalities, the bus companies, the trade unions, and the users of public bus transport.
Each actor involved in the decision process, directly or indirectly, has a number of general
objectives related to the restructuring process of public transport in Lombardy. These
objectives are listed blow.
Active actors
General objectives of the Lombardy Region:
· to improve efficiency of Regional expenditure;
· to optimise subsidies for public transport;
· to increase the effectiveness of public transport (to increase the number of users of
public buses);
· to introduce efficiency in the management of bus companies which provide public
transport;
· to increase the responsibility of Provinces in the programming and the planning
activities;
· to introduce a new Regional transport network, supporting social, health, and school
facilities;
· to introduce an inter-modal network, where long-distance trips are run by railway, in
co-ordination with the local out-of-town bus system.
General objectives of the Provinces:
· to increase the effectiveness of public transport;
· a new out-of-town bus system to fit the provincial transport plans;
· to maintain the economic resources for transport from the Regional budget;
· to be able to manage the area licenses competition and system: not too many tenders for
each area;
· to minimise potential conflicts with bus companies: not too many changes of licensees;
· to minimise potential conflicts with users of public transport (due to termination of
some routes, changes in timetables and fares).
Passive actors
General objectives of the National Government:
· to make Regions more independent and responsible for their expenditures;
· to improve the effectiveness and efficiency of public transport.
General objectives of the Municipalities (the largest ones):
· to improve co-ordination between out-of-town and urban bus service.
General objectives of the bus companies:
· to keep their licenses and related subsidies.
General objectives of the trade unions:
· prevent job losses for workers in bus companies.
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General objectives of the users of public transport:
· to minimise time to reach final destination;
· to minimise number of bus changes to reach their final destination;
· a higher quality of bus service.
 
 Table 11.3 shows the actors' main objectives ranked from 3 (weak interest), to 333
(strong interest); 5 stands for strong opposition.
 
Table 11.3. List of general objectives related to policy actors.
 GENERAL
OBJECTIVES
 National
Gov.
 Lombardy
Region
 Provinces  Municip.  Bus
 Companies
 Trade
Unions
 Users of
public
bus
 Economic effects
 Efficiency of
expenditure
 333  333  33     
 Minimise subsidies   33  5   5   
 Maximise incomes   33    333   
 Minimise job losses  333  33     333  
 Effects on people
 Accessibility to social,
health, school..
facilities
  333  33  333    333
 Minimise trip time   33  33  333    333
 Improve quality of
public transport
  333  33  333    333
 Effects on Local Public Transport system
 Increase users of
public buses
  333  33     
 Improve intermodal
co-ordination
 3  333  3     
 Manageability of the
system
  3  333   3   
3= weak interest; 33= medium interest; 333= strong interest; 5=strong opposition
 
 Conflicts occurs either between the Region and the Provinces or between active and
passive actors. In particular:
· The Government has reduced the amount of subsidies for LPT and transferred to the
Regions the rsponsibility of financing their transport network;
· The Region prefers small areas in order to introduce a higher level of competitiveness
between bus companies and reduce public expenditure. Provinces often disagree on the
area size recommended by the Region: the smaller the areas, the bigger the changes in
the bus system, which has to be managed by the Provinces;
· The major bus companies prefer wide areas to maintain their leadership, but this is in
contrast with the objective of competition between companies that the Regional act is
meant to introduce. At the same time the smallest bus companies prefer small areas
because otherwise they will be excluded from the tenders.
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· Large Municipalities ask to be involved in the choice of the areas with the aim of
improving the co-ordination between urban and extra-urban bus lines in metropolitan
areas;
· Trade Unions are concerned about the risk of redundancies which may be the result of
the higher level of competition in the public transport market.
11.1.3 Policy units
In the case study, active actors correspond to the institutional bodies directly involved in
the decision process and thus considered policy units. Passive actors are stakeholders
affected by the policy but not directly involved in the decision proc ss. This is because
they are not represented by a statutory body (e.g. users) or because the procedure that has
to be followed doesn't include direct participation (e.g. for trade unions and bus companies
representatives). Thus, these actors are not considered as policy units.
The policy units, Region and Provinces, are characterised by a spatial domain defined by
their administrative area (see Figur 11.2). The policy units are hierarchically org nised as
in Figure 11.4.
Lombardy regionLombardy region
MilanoMilano MantovaMantova SondrioSondrio LeccoLecco ComoComo BergamoBergamoVareseVarese CremonaCremonaLodiLodi PaviaPavia BresciaBrescia
Figure 11.4. Hierarchical organisation of the policy units.
The hierarchical structure of the units was such that the zoning decision could be split into
eleven separate decisions, one for each Province. Each Province is involved in the zoning
of its territory alone, while the Lombardy Region is involved in all decisions, so that the
zoning within each Province is the result of consultation between Province and Region.
11.1.4 Policy options
The zoning decision concerns the choice of the size and number of areas in which a
Province has to be divided. The size of the areas is measured in terms of the number of
municipalities included in each area. A policy option in this case study is a zoning
alternative. Within a Province, the number of potentially suitable policy options can be
extremely large. Possible policy options range from a single large area that covers the
whole Province, to as many areas as the number of municipalities of the Province. In order
to take into account only reasonable options, and to reduce the number of possibilities,
each Province suggested a minimum and maximum number of areas to be included in a
zoning option, on the basis of population density, number of daily commuting trip, etc.
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The policy options within each Province were then generated by means of mathematical
programming using the software P.He.S.C.A. (Parallel Heuristic Set-Covering Algorithm;
Caimi et al. 1996). P.He.S.C.A. requires the definition of:
· The origin/destination matrix for each Province.
· The adjacency matrix. The element aij of the adjacency matrix expresses the suitability
of municipalities i and j to become part of the same area on the basis of their physical
contiguity. This matrix has been prepared with the aid of a GIS.
· The “zoning centre” for each area. This is the municipality that directs the zoning
process. It is chosen on the basis of the ability of generating and/or attracting several
transport flows, of having a high population and a high concentration of facilities (like
hospitals, schools, recreational facilities).
The algorithm aggregates municipalities into areas around each zoning centre, so that the
resulting area is as compact as possible and maximises the transport flow within the area.
Table 11.4 shows the minimum and maximum number of areas within each Province
generated by the algorithm.
Table 11.4. Minimum and maximum number of areas in which each Province has been
divided with P.He.S.C.A.
Provinces BG BS CO CR LC LO MN MI PV SO VA
Range Of Areas4¸ 9 3¸ 8 3¸ 8 2¸ 6 2¸ 5 2¸ 6 1¸ 4 5¸ 11 3¸ 12 2¸ 5 6¸ 10
11.1.5 Decision procedure
The operational framework under which the evaluation process took place was of the kind
“group structuring” and “individual evaluation”. The choice of a common list of concerns,
descriptors and value function was not critical, and an agreement between Region and
Provinces on a common value tree was reached. For the weights, it was not possible to
reach a compromise solution. Therefore, conflicts between policy units arise due to either
an unbalanced distribution of impacts and/or to different weights.
11.2 Problem structuring
11.2.1 Concerns
 The fundamental concerns which drive the evaluation of zoning options were first
expressed by the Region and then discussed together with the Provinces. The general
objectives were related to four fundamental concerns (Table 11.5), and represented both
passive and active actors. The concerns of passive actors, which did not participate in this
process, were nevertheless taken into account. However, not all were appropriate for the
evaluation of zoning options. The objective “Minimise job losses”, for instance, cannot be
measured in this first zoning step and was not considered explicitly. Job losses, if any, can
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be measured only after the area licence has been assigned and their estimation at the
zoning stage is not realistic.
Concerns for the zoning were:
· consistency: each area must contain the highest possible number of trips with origin or
destination inside the area, i.e. must be consistent in terms of transport demand;
· accessibility: in each zoning solution, accessibility to public facilities (social, health,
schools, etc.) must be guaranteed within each area;
· competitiveness: areas must be large enough to facilitate competition among bus
companies which apply for areas licences;
· equilibrium: all areas must be attractive for the applicants and must guarantee
homogeneous distribution of public facilities.
 
 A list of constraints was also included:
· the areas must be connected;
· there cannot exist areas which extend over two or more Provinces (this would make the
management of the system difficult in administrative terms);
· each area must contain at least one of the main stations of the Regional railway
network.
 
Table 11.5. General objectives and concerns for the decision problem.
  CONCERNS
 GENERAL OBJECTIVES  consistency accessibility  competitiveness equilibrium
 Efficiency of expenditure    333  
 Minimise subsidies    333  
 Maximise incomes    333  
 Minimise job losses     
 Accessibility to social, health and
school facilities
  333   333
 Minimise trip time  333    
 Improve quality of public transport 333  333  333  
 Increase users of public buses  333  333  333  
 Improve intermodal co-ordination 333    
 Manageability of the system     333
 
11.2.2 Area indicators and zoning descriptors
A set of area indicators was used to describe each area in a zoning option (Foresti and
Tagliavini, 1996). These indicators are then used to specify zoning descriptors, which are
the aspects against which the policy alternatives are assessed.
Area indicators
Area indicators (Table 11.6) describe the demand and supply of transport, the accessibility
of public facilities (such as schools, hospitals, social and health centres), the population
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distribution and the area morphol gy. They were calculated from a comprehensive data
base, constructed for this purpose, interfaced with a Geographical Information System
(GIS). The digital format of the data easily allows a geographical representation and the
generation of thematic maps (see two examples in Figure 11.5 and Figure 11.6). The GIS
was also used to compute some indicators, such as the distance between two
municipalities calculated with a minimum path algorithm on the road network.
Table 11.6. List of the area indicators.
General i1: internal trips
aspects i2: outgoing trips (trips with destination out of the area)
 i3: entering trips (trips with origin out of the area)
 i4: trips with destination out of the Province
 i5: trips with origin out of the Province
 i6: short internal trips
 i7: short outgoing trips
 i8: short entering trips
 i9: area trips/provincial trips
 i10: area (sq. km)
 i11: n° of municipalities per altitude
 i12: population
 i13: density of population
 i14: rate of population that live outside the towns
 i15: n° of factories
 i16: n° of employees
 i17: n° of employees per factory
 i18: size of the area: distance between the two farthest municipalities in the area
 i19: average distance to the main town inside the area
 Area indicators
Region r1: internal trips/total trips of the area
and r2: r1/(internal trips/ total trips of the Province)
 provinces r3: trips with origin or destination out of the Province/outgoing and entering trips
 r4: short outgoing trips/short outgoing and entering trips
 Area indicators
Bus a1: bus lines of the area
companiesa2: bus*km of the lines of the area
 a3: passengers*km
 a4: occupancy rate
 a5: cost/bus*km
 a6: classes of companies too small to bid for area licences
 u1: number of high degree schools located in the area
Users u2: concentration of facilities inside the area
u3: accessibility: farthest distance in the area from a municipality without facility to a
municipality with facility (hospital, health-social centre, cinema, sport centre, station)
 u4: accessibility: average distance in the area from a municipality without facility to a
municipality with facility (hospital, health-social centre, cinema, sport centre, station)
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Figure 11.5. Thematic map for the
“internal trips/total trips”
area indicator (Pavia
Province - 6 homogeneous
area)
Figure 11.6. Thematic map for “number of
high schools” area indicator
(Pavia Province - 6
homogeneous area).
11.2.3 Descriptors
Area indicators show different aspects of a single area. However, to compare the policy
options it is necessary to describe their performance at the level of a whole Province
(which is a set of areas). Descriptors are obtained by aggregating area indicators. The
aggregation can be the average value, the best or the worst value (minimum or maximum),
or the difference between maximum and minimum. For each one of the concerns
mentioned above, two numerical descriptors are selected (Tabl  11.7).
For each possible policy option, the impact profile is the set of eight numerical scores
corresponding to each of the eight descriptors used. Impact descriptors relate only to
impacts within each Province, and disregard impacts on other Provinces and on the entire
Region.
A qualitative analysis of impacts showed that wide areas tend to maximise the indicators
of consistency (for large areas the number of commuting trips inside the area is large)
while small areas are associated to high levels of competitiveness (the number of
companies which compete in small areas can be large).
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Table 11.7. Concerns and descriptors.
CONCERNS Descriptors
CONSISTENCY X1 Minimum percentage of internal trips related to total trips of the
area
X2 Average short time outgoing trips related to short time entering and
internal trips
ACCESSIBILITY X3 Percentage of areas with at least 3 different types of high degree
schools
X4 Maximum distance from a municipality without social and health
facilities to a municipality with social and health facilities
COMPETITIVENESS X5 Number of areas
X6 Average number of bus companies potentially excluded from
tenders (based upon companies dimension)
EQUILIBRIUM X7 Percentage of areas containing at least one hospital
X8 Maximum gap (maximum - minimum) of potential growth of bus
services among the areas (Passengers*km bus/Passengers*km car)
11.3 The value model
11.3.1 Value functions
The impacts of each zoning option are transformed into partial values by means of value
functions (Keeney and Raiffa, 1976). A partial value indicates the attractiveness of a
zoning alternative with respect to a single concern. A value function vi is asso iated to
each descriptor Xi (i=1,…,8). The shape of value functions was first analysed by MIP and
the Region. This led to the choice of three general shapes. The Region then analysed the
value functions with each Province, so that the actual functions and the range of impacts
could be selected for each Province. For instance, the descriptor “maximum distance from
a municipality without social and health facilities to a municipality with social and health
facilities” of the concern “ACCESIBILITY” is associated to a decreasing value function
(cf. the value function of descriptor X4, in Figure 11.10). The minimum and maximum
distances are different for highly populated areas (such as Milano: MI) and areas up in the
mountains (such as Sondrio: SO), where health facilities are concentrated in few
municipalities and distances are larger than in urban areas.
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CONSISTENCY  X1:
Minimum percentage of internal trips related to
total trips of the area
% BG BS CO CR LC LO MN MI PV SO VA
Min 29 31 26 21 15 28 13 35 18 30 12
Max 52 60 50 83 76 58 52 62 61 71 38
Figure 11.7. Value function for descriptor X1.
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CONSISTENCY  X2:
Average short time outgoing trips related to short
time entering and internal trips
% BG BS CO CR LC LO MN MI PV SO VA
Min 29 17 33 26 40 31 39 21 27 14 36
Max 52 36 50 56 69 52 62 66 59 32 48
Figure 11.8. Value function for descriptor X2.
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ACCESSIBILITY  X3:
Percentage of areas with at least 3 different types
of high degree schools
% BG BS CO CR LC LO MN MI PV SO VA
Min 78 90 38 67 33 50 88 1004210070
Max 100
Figure 11.9. Value function for descriptor X3.
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ACCESSIBILITY  X4:
Maximum distance from a municipality
without social and health facilities to a
municipality with social and health facilities
km BG BS CO CR LC LO MN MI PV SO VA
Min 23 27 25 17 22 19 13 22 18 48 26
Max 57 110 43 31 29 20 19 37 37 56 -
Figure 11.10.Value function for descriptor X4.
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COMPETITIVENESS  X5:
Number of areas
BG BS CO CR LC LO MN MI PV SO VA
Min 2
Max 12 12 11 11 11 7 12 10 12 5 12
Figure 11.11. Value function for descriptor X5.
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COMPETITIVENESS  X6:
Average number classes of bus companies
potentially excluded from tenders
BG BS CO CR LC LO MN MI PV SO VA
Min 1.92.00.71.01.20.8 3.1 1.30.9 1 0.6
Max 3.74.32.33.03.02.0 5.4 2.53.02.51.5
Figure 11.12. Value function for descriptor X6.
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EQUILIBRIUM  X7:
Percentage of areas containing at least one
hospital
% BG BS CO CR LC LO MN MI PV SO VA
Min 86 86 88 83 10010088 10058 10088
Max 100
Figure 11.13. Value function for descriptor X7.
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EQUILIBRIUM  X8:
Maximum gap (maximum - minimum) of
potential growth of bus services among the
areas (Pass*km bus/Pass*km car)
% BG BS CO CR LC LO MN MI PV SO VA
Min 7 1 11 5 13 3 4 2 11 6 7
Max 27 13 27 17 26 16 23 23 16 12 22
Figure 11.14. Value function for descriptor X8.
11.3.2 Weights
It was not possible to reach an agreement between Region and Provinces on the weights of
the descriptors. Differences were particularly large for the competitiveness descriptors, as
qualitatively shown in Table 11.8 In addition, the weight assessment procedure would
have required specific interviews with all eleven Provinces, which would have implied a
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long time. All considered, the Regional Authority preferred to evaluate the zoning
alternatives in a qualitative way, without resorting to a formal weighting of concerns.
The assessment of weights was used only for very specific decision problem, at a technical
level, in the case of the zoning solution for the Lomellina area, in the western part of the
Province of Pavia (see Session 11.4.2).
Table 11.8. Concerns are ranked from 1 (3) to 3 (333)
CONCERNES Lombardy RegionProvinces
CONSISTENCY 333 333
ACCESSIBILITY 333 33
COMPETITIVENESS 333 3
EQUILIBRIUM 3 333
3= Low interest  33= Medium interest  333= High interest
11.4 Evaluation and conflict analysis
11.4.1 Qualitative evaluation: radar charts
Since weights were not assessed, the overall ranking of the zoning alternatives was not
performed in an analytical way. There was instead a negotiation between Region and
Provinces, supported by radar charts which were used to depict the performances of the
policy alternatives. Each axis in a radar chart represents a descriptor. The scores on each
axis are the result of value functions. Thus, the zero corresponds to zero attractiveness on
a descriptor, and the one corresponds to maximum attractiveness on that descriptor. An
example of radar chart is shown in Figure 11.15 for policy options A5 and F5 for the Pavia
Province.
0,000
0,200
0,400
0,600
0,800
1,000
 X1
X2
X3
X4
X5
X6
X7
X8
A5
F5
Figure 11.15.  The radar chart shows the performances (partial values) of the policy
options A5 and F5 on the eight descriptors (Province of Pavia).
186 Institute for Environmental Studies
Each zoning alternative is represented in the radar chart trough a polygon which links
together all points which correspond to the impacts of the policy option after application of
value functions. If the polygon of an alternative is totally enclosed in that of another
alternative, then the first is dominated. If no alternative is completely contained inside
another one, then the choice is a matter of trade-offs between achievements on different
descriptors.
11.4.2 Analytical evaluation: ranking for the Lomellina case
Lomellina is the western area of the Pavia Province. There are two main towns in the area
(Vigevano and Mortara) and the population density is low. In this case, the zoning
alternatives generated by the algorithm and the evaluation with the radar charts was not
satisfactory. Thus, in agreement with the Province Transport officers, an explicit
assessment of weights was performed so that an analytical ranki g of the lternatives was
obtained for the policy options in that area.
The zoning alternatives for this part of territory were:
A. a unique homogeneous area (A5),
B. an horizontal division with 2 homogeneous areas (A6),
C. a vertical division with 2 homogeneous areas(F5),
D. 3 homogeneous areas (F6).
The weights were based on two interviews carried out with two transport officers of the
Region staff. The first session regarded a “pairwise comparison” between concerns; the
second session regarded a “pairwise comparison” between descriptors. The results are
shown in Table 11.9
Table 11.9. Weights for concerns and descriptors for transportofficer 1 and 2.
CONCERNS Weights 1 Weights 2 Descriptors Weights 1Weights 2
CONSISTENCY 0,088 0,50 X1 0,052 0,1
X2 0,036 0,05
ACCESSIBILITY 0,869 0,750 X3 0,511 0
X4 0,358 0,75
COMPETITIVENESS 0,026 0,100 X5 0,015 0,067
X6 0,011 0,033
EQUILIBRIUM 0,017 0 X7 0,007 0
X8 0,010 0
The weights of the two officers give the same ranking of concerns: accessibility to public
facilities (ACCESSIBILITY) is the most important concern, while the concern related to
equilibrium among areas (EQUILIBRIUM) is the less important. The situation is different
at the level of individual descriptors. For public facilities (ACCESSIBILITY), for
example, the “percentage of areas with at least 3 different types of high degree schools”
(descriptor X3) is for the first officer more important than “the maximum distance from a
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municipality without social and health facilities to a municipality with social and health
facilities” (descriptor X4). The opposite holds for the second officer.
In agreement with the Province Transport officers, the 4 zoning alternatives were ranked
according to the results of the weighted sum of the value indexes related to the descriptors.
The value functions used are those illustrated in Figur  11.7 - Figure 11.14 (Colorni and
Laniado, 1988).
For the first set of weight, A5 is the best alternative, while for the second set of weights
the A6 alternative is preferred (Table 11.10). The Province opted for the second solution
(A6), which maximises competitiveness (Figure 11.16).
Table 11.10. Ranking according to the method of the weighted sum for the two different
weights vectors.
Policy options A5 A6 F5 F6
Weighted sum 1 0,88 0,72 0,87 0,72
RANKING 1 1 3 2 4
Weighted sum 2 0,72 0,79 0,73 0,72
RANKING 2 3 1 2 4
0
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Figure 11.16. Radar chart of the A5 and A6 policy option, first classified in the two
rankings.
11.5 Conflict analysis
In this decision process the conflict between Region and Provinces arose because of a
variety of factors related to the value system, the process, the scale and the location
dimensions.
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Value system factors
Region and Provinces have different preference relations (weights): even if they are in
agreement as to values and criteria to be employed, they are not in agreement as for the
best alternative. For instance, Como preferred a zoning alternative with 2 areas instead of
that suggested by the Region (4 areas) because of the very low importance attached by
Como to competitiveness concern.
 Process factors
Region and Provinces have difficulty in communicating to each other as their values,
objectives, criteria, preferences and expectations. Varese, for instance, at first did not
accept the Region’s proposal of 7 areas and asked for some time to design a better zoning.
After internal discussions and the analysis of new zoning alternatives, Varese reconsidered
its original opposition and eventually accepted the Region’s proposal.
 Scale dimension and location dimension
Some Provinces didn’t agree with the Region’s zoning proposal because of differences in
the number of areas for Provinces with the same territorial extension and population.
However, these different solutions arose because of differences in the morphology of the
area and consequently from a different distribution of the population and mobility patterns.
11.6 Feedback process
The negotiation process highlighted conflicts between the Region and the Provinces and
stimulated the generation of new policy options, that are new zoning alternatives. This is
the case of the Province of Pavia, for instance. In the first stage of the decision process,
only one zoning centre was chosen in the western part of the Province. The P.He.S.C.A.
algorithm created a policy option which consisted of only one homogeneous area covering
the whole Province (the A5 alternative; Figur  11.18 left). This solution didn’t satisfy the
Regional authorities due to the poor competitiveness performance. By defining two zoning
centres, P.He.S.C.A. generated the A6 policy option (Figure 11.18 right), that split the
western part of the Province in two areas. In this case, the Province was not satisfied
because of the low level of commuting trips in the southern area (around the zoning centre
Sannazzaro de’ Burgondi). The Province thus asked for a new, different proposals, able to
meet both the competitiveness and the consistency cocern. Different zoning centre were
defined and P.He.S.C.A. generated the F5 and F6 alternative (Figu e 11.18). These policy
options were submitted to the evaluation and eventually F6 was approved by both Region
and Province.
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Figure 11.17. Zoning options for the Province of Pavia.
Figure 11.18. Zoning options for the Province of Pavia.
11.7 Results
As a whole, all Provinces have reached an agreement on the technical proposals. Only one
Province (Como) did not agree to any of the zoning solution suggested. The final zoning is
illustrated in Table 11.11 and Figure 11.19.
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Table 11.11. Last zoning proposal at the approval of Regional Administration.
 (number of homogenous areas)
BERGAMO 7
BRESCIA 5
COMO 2
CREMONA 2
LECCO 3
LODI 3
MANTOVA 2
MILANO 10
PAVIA 6
SONDRIO 3
VARESE 8
TOTAL 51
Figure 11.19. Final zoning proposal agreed by each Province.
The methodology used for the zoning was meant to guarantee transparency and
reproducibility of the whole process. This framework offered the possibility to manage
information in a rational way and allowed a clear interpretation by the policy units. This
made it possible to test the validity of choices and facilitated the participation in the
decision process.
The definition of homogenous areas is only the first step to implement the law 13/95. The
homogenous areas will become operative when service requirements (transport, pricing,
quality and information to public authorities and users) will be defined together with the
rules for the tenders.
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12. Case Study: Lisbon Metropolitan Region road network
Carlos A. Bana e Costa, Isabel A. Joaquina Ramos, Fernando Nunes da Silva and
Ricardo J. Gomes Veiga
Centro de Sistemas Urbanos e Regionais, Instituto Superior Tecnico, Lisbon, Portugal
12.1 Overview
The purpose of this case study is the analysis of regional investments for the construction of
the main road network in the Lisbon Metropolitan Region (LMR), involving both the national
road network and the inter-municipal road network proposals. Given a fixed budget at local
level and the programmed sequence of the construction of the national road links in the
regional network, the objective is to define several sequences (packages) for the construction
of the inter-municipal roads. The Case Study investigates a variety of specific impacts of the
construction of the inter-municipal road links, with respect to regional accessibility,
environmental impacts and urban development.
The LMR is the most densely populated area in Portugal, and concentrates the major part of
the tertiary sector employment as well as the most developed industries. As the country have
a very centralised government structure - there are no administrative regions in Portugal - the
area also concentrates the majority of public administration offices.
During the ’60 and ’70, the annual population growth rate in the region was of 2 %, but some
of the municipalities have shown an annual rate of more then 20 %. In the last decade the
demographic growth have stabilised, and the population will reach the target of 3 millions
inhabitants only by the end of the century. Lisbon, the capital, has at this time a population of
about 700,000 inhabitants, after a loss of more then 150,000 thousand people in the ’80 due
to relocation out-of-town of dwellings in favour of the increased use of city buildings for
commerce and services, and the absence of a housing policy. The urban development has
been quite chaotic in the peripheries, where more than 2 million inhabitants live, mainly in the
north bank of the river Tagus.
The concentration of jobs, social facilities, leisure and cultural events in the capital, and the
shortage of urban facilities and infrastructures, in the majority of the peripheral municipalities,
have had as consequence a great functional dependence of those municipalities to the central
area of the region. The transport networks, both public and private, is insufficient to cope with
that demand, and traffic congestion is a daily event in the LMR.
12.2 Policy Units and the decision framework
12.2.1 Policy units, demography and land use
In the Portuguese case study there are three types of policy units: The National policy unit, a
Regional policy unit (the Lisbon Metropolitan Region) and eighteen municipalities, which are
eighteen Local policy units. Their spatial hierarchy is shown in Figure 12.1. The National
policy unit includes all Portuguese Continental territory with an area of about 90 thousand
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km2 and 9,4 million inhabitants (Census of 1991), and comprises 275 municipalities. It
should be emphasised that the regional administrative level does not exist in Portugal. What is
here called a regional policy unit is the Lisbon Metropolitan Area (also called Lisbon
Metropolitan Region - LMR). Formally, the LMR was created in 1991 (Law 44/91, 2nd
August) and comprises eighteen municipalities (Tab e 12.1). The dominant land uses at
municipal level is shown in Figure 12.2.
Municipality1unicipality1 Municipality2unicipality2 Municipality18unicipality18
NationalNational
RegionalRegional
...
Figure 12.1. National, Regional and Local Policy Units and their hierarchical structure.
Table 12.1. Area and number of inhabitants of each local policy unit (from INE, 1996).
Local policy unit (Municipalities)Area (Km2) Nº of inhabitants (aprox.)(Census 1991)*
Amadora 25 180 600
Azambuja 262 20 500
Cascais 97 154 800
Lisboa 84 677 800
Loures 186 322 200
Mafra 291 44 300
Oeiras 45 153 700
Sintra 315 262 400
Vila Franca de Xira 294 105 300
Alcochete 95 10 200
Almada 70 153 500
Barreiro 34 85 700
Moita 55 64 000
Montijo 353 36 300
Palmela 462 43 500
Seixal 94 115 000
Sesimbra 195 27 400
Setúbal 171 104 000
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Figure 12.2. Dominant Land Use.
The Local Policy Units with urban (housing, commerce and services) and industrial land uses
are located in a ring around the Tagus River. These Local Policy Units (Lisboa, Cascais,
Oeiras, Amadora, Vila Franca de Xira, Almada, Seixal, Barreiro, Moita and Setúbal) are
followed in the north boundary by others that make the transition between the urban and the
agricultural uses (Sintra and Loures). In the peripheral Local Policy Units the dominant land
use is agricultural (Azambuja, Alcochete, Montijo and Palmela) but also tourism dominated
land is present (i.e. Sesimbra and Mafra).
12.2.2 The Lisbon Metropolitan Region
The LMR is composed by:
· the Metropolitan Assembly of Lisbon, a deliberative body, composed by elected
members from each municipal assembly (in a total of 50 members);
· the Metropolitan Junta of Lisbon (JML), an executive body, composed by all the
municipal Mayors, that elect among them a President and four Vice-presidents. In 1993,
the President of JML was the Mayor of Vila Franca de Xira, from the Communist Part
(the dominant party in LMR). In 1997, the Communist Party lost some municipalities to
the Socialist Party, and the President of JML will be the socialist Mayor of Lisbon.
· the Metropolitan Council of Lisbon, a consultative body, composed by the President of
the Regional Co-ordination Commission of Lisbon (CCR, a central Government
organisation), by the Metropolitan Jun  and by others public entities with direct
involvement in LMR.
1. The JML intervenes in five main areas:
2. Land use planning and management and development;
3. Environment;
4. Transports and transport infrastructures;
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5. Housing and social facilities;
6. European funds and investments.
Each intervention area has a working group (WG1 to WG5). The President of JML is the
chairman of WG1, and each Vice president is the chairman of one of the other WGs. Others
members of JML co-operate with the WGs and for each one there are specific external
experts involved in the different projects.
Two working groups were actively involved in the case-study: WG1 - that provided a general
framework to the case-study (overview of LMR) and WG3 - that supported all the activities,
including provision of relevant information from all the municipalities (data, maps, existing
and proposed projects and investments).
12.2.3 The Decision framework
The decision framework for the construction of new supra-municipal road infrastructures,
requires a complex negotiation system, involving several political decision levels. One reason
for this is the fact that there are no administrative regions in Portugal; at the regional level,
there are only decentralised organisms from Central Administration. Particularly in what
concerns the Metropolitan Areas, the Metropolitan Junta (JM) only has the power conceded
by the municipalities. In general terms, the roles of the official bodies in the definition of new
road infrastructure to submit to EC funds, are:
· The Regional Co-ordination Commission (CCR) proposes a road according to the different
EC programs (regional or national);
· The municipalities develop, for each road, a dossier, in which its supra-municipal or
regional interest is discussed;
· The Metropolitan Junta assesses the dossier developed by the municipalities and gives out
an opinion as concerns the supra-municipal or regional interest of the road. The
Metropolitan Junta can also propose new roads in agreement with all municipalities
(directly involved or not);
The decision making process involves several levels of negotiation and co-decision. In fact, a
supra-municipal project, to be accepted by the CCR (the administrative body which co-
ordinates the process) as a candidate to EC funds, must be proposed by the municipality (or
municipalities) and accepted by the Metropolitan Junta. If the JM wants to propose a project,
by itself, it is necessary to obtain approval from the municipalities directly involved.
There are some other roads that need the agreement of Metropolitan Junta:
· Roads that CCR would like to include as inter-municipal roads, in regional programs;
· Roads with supra-municipal interest, not expected in the National Road Plan but that CCR
would like to include in that Plan;
· Changes in the classification or in the inter-municipal roads planning and design, proposed
by CCR.
The roads considered with supra-municipal or regional interest, that Metropolitan Junta
proposes for financial support from the EC, must be accepted by CCR. If not, the
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construction of new roads will depend on autonomous finances of municipalities. Only roads
included in the National Road Plan are assessed outside this decision system1.
12.3 Structuring the Problem
Policy units are characterised by different goals in the decision process. At the National level,
the aim is to exploit as much as possible the availability of European funds for the
construction of the road network, and to built the maximum length of new roads in the
shortest time. At the Regional level, it is important to guarantee financial funding from central
government. This serves to construct the maximum number of new roads for the region and
to complete, as soon as possible, the LMR road network to improve accessibility (balancing
the distribution funds among municipalities). At the local level, it is important to obtain the
maximum local advantages from the construction of new roads and improve the accessibility
to the main employment and tertiary centres of the municipality.
The overall objective is to improve the quality of the regional road network, taking into
account several fundamental concerns. They are grouped in 5 areas of concern (Figure 12.3).
These concerns are shared by the National, Regional and Local Policy Units. However, when
analysing the impacts of a certain investment project, the “equity” point of view naturally
emerges. Collective decisions taken at the inter-municipal level have to consider, as
constraints, not only the impacts at the local level but also the spatial distribution of the
projects.
The main actors involved in this case study were the Mayors of the municipalities (Local
Policy Units) and the Metropolitan Junta of Lisbon (WG1, that provided a general framework
to the study, and WG3 which supported all the activities and works). The central government
(National Policy Unit) is also involved, namely the Ministry of Planning and Social
Equipment, (that includes the Regional Co-ordination Commission of Lisbon and the National
Road Board) and the Ministry of the Environment (responsible for the protected areas).
12.3.1 Concerns and the value tree
The concerns of passive actors (not directly involved in the decision process) must be taken in
account, such as the concerns of the population in general, and those of Non Governmental
Organisations (NGOs), especially those of environmental organisations.
In order to identify the fundamental concerns, the experts involved were invited for a
discussion about the concerns that should be taken into account when analysing the best
                                                  
1 Policy Documents relevant to the National Policy Unit are the PDR - Plano de Desenvolvimento
Regional (Regional Development Plan) (MPAT, 1994), the PRN - Plano Rodoviário Nacional
(National Road Plan) (MOPTC/JAE, 1993), the PNPA - Plano Nacional da Política de Ambiente
(National Environmental Policy Plan) (MARN, 1995) and the PMRF - Plano de Modernização e
Reconversão Ferroviária (Railway Modernisation Plan) (MOPTC, 1988). The Central Government
has produced a Regional Territorial Plan for the LMR (PROTAML - Plano Regional de
Ordenamento do Território da Área Metropolitana de Lisboa, MPAT/CCRLVT, 1993), that intends
to be a structural plan for the region defining a macro land use zoning. Each municipality has also its
policy document, the Municipal Master Plan (Plano Director Municipal), that defines rules for the
use, occupation and changes to the municipal territory.
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sequence of regional investments of the main road network in the LMR. As a starting point, it
is important to identify, on the one hand, which are the main concerns to consider (the
objectives of the actors), and on the other hand, the options available and their potential
consequences. At the beginning of the process, a first set of concerns was shown to the JML
experts, grouped in five areas, represented in a tree structure (value tree) as shown in Figure
12.3.
To achieve a better understanding of the problem and to verify the appropriateness of the
concerns for JML, interview sessions were organised. The meaning of the concerns and their
relevance for the decision was explored by confronting the actors with questions like “Why is
this concern important?”. For some concerns, like “Accessibility” or “Connectivity”, the
answer was that they were important because it was essential to maximise the quality of the
regional road network. These concern reflect key-issues to be taken into account when
comparing different alternatives. There were also some concerns that JML did not considered
as useful for the evaluation of different options, such as “Social costs of accidents”, the
“Risks associated to construction” or the “Spatial Distribution of the Projects”. These
concerns were not considered any further. The concern “Construction Costs” was also
eliminated, since the budget for road construction is the same for all options.
At the end of this process it was possible to achieve a better justification for the choice of
concerns and a better and clearer understanding of the problem among the actors involved.
The initial value tree (Figure 12.3) was interactively updated to better represent the system of
values perceived by the actors, leading to the final value tree shown in Figure 12.4.
Figure 12.3. Initial value tree. Figure 12.4. Updated value tree.
12.3.2 Descriptors of impacts
To describe the degree to which potential actions satisfy the concerns identified, a descriptor
(quantitative or qualitative) was associated to each concern (Table 12.2).
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Table 12.2. Descriptors for each concern.
Concerns Descriptors Estimate
Accessibility Average
travel time
variation (%)
The travel time gains on all the trips with origin on that municipality that
result from the implementation of each option are estimated. The
network’s accessibility value is the sum of travel gains of all
municipalities.
Connectivity Shortest paths
distance
variation (%)
The basis for these computations is the difference between the shortest
paths matrices for situation 0 (zero) and the matrices of all other options.
This results in a “difference matrix” for each option. The connectivity
value of each municipality is the sum of its line; in other words, the sum
of the reduction on all paths with origin or destination on that
municipality. The connectivity value for the whole network is the sum of
the values of all municipalities.
Noise Pollution People
exposed to
noise > 65
dB(A)
On a GIS platform, a buffer of 150m and one of 500m around the roads
were defined. The area is then multiplied by population density for each
municipality. The value for the region is the average of the values for the
municipalities.
Air Pollution HC and CO:
changes in
emissions
Emissions are a function of volume of traffic and speed. For each
municipality, the value is the sum of the emissions of all road sections in
the municipality. The emissions for the total LMR considers all existing
road links.
Land use (Urban)Urban land
use affected
(%)
On a GIS platform, a buffer of 50m around the roads was defined. Urban
uses were calculated for each municipality. The value for the region is the
sum of the values for the municipalities.
Land use (Non
Urban)
Nn urban land
use affected
(%)
On a GIS platform, a buffer of 50m around the roads was defined. The
non-urban uses were calculated for each municipality. The value for the
region is the sum of the values for the municipalities.
Urban
development
potentialities
Expected
dwellings in
Master Plans
On a GIS platform, taking into account the rates of urban development
presented in each municipal Master Plan, the potential urban areas in
radius of 1 from each road junction was measured for each municipality.
The values for LMR are the sum of the municipal areas.
* The formula used to measure these values is based on EPFL/ITEP (1995)
** The formulas used to compute these values are based on Mobile5a and improved by NCSU Civil Eng.
Dept./ITRE/UNC (1996).
The impact of air pollution is expressed on a qualitative constructed scale due to the lack of
suitable numerical figures. Seven plausible impact levels (from best to worst) were
considered:
N7 – Decrease HC and CO
N6 – Decrease HC and Maintain CO
N5 – Maintain HC and Decrease CO
N4 – Maintain HC and CO
N3 – Maintain HC and Increase CO
N2 – Increase HC and Maintain CO
N1 – Increase HC and CO
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12.3.3 Policy Options
In such a decision environment it is natural that many options appear. To pursue the main
objective of the project - to maximise the quality of the LMR road network - it is necessary to
make a screening of the existing projects. This is obviously a difficult task, since a project that
is considered important to the overall benefit of LMR can bring no profit for a specific
municipality. This may result into conflicts.
Another important document, also produced by JML (1996), is related with the National
Road Plan (PRN). Central Portuguese government produced the actual PRN in 1985 revised
in 1993 (MOPTC/JAE, 1993) but actually, a new review of the PRN (Plano Rodoviário
Nacional 2000; PRN 2000) is ongoing. Based on this PRN 2000, JML identified the roads
contained in LMR. Among these roads, some are municipal and some others are inter-
municipal projects that can be considered regional investments (Figure 12.5 and Table 12.3).
This set of roads (municipal and inter-municipal) will constitute the potential options to
considered in the evaluation model.
All the actors involved in the process considered those two studies key documents, and they
were the basis to identify the potential options, at this stage of the study. However, during the
process, some of the options can be eliminated while some others can be created, in order to
get a better overall benefit to LMR.
Figure 12.5. Map of potential projects.
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Table 12.3. List of potential projects (Time in months; Costs in billion Escudos).
Prj. Denomination Km Type of Work Ways Time Cost
A Extension of IC15 (Birrre-Guincho) 1,5 Construction 2 3,8 0,75
B Extension of C16 (IC15/Cascais) 2,5 Construction 2 6,3 1,25
C Variant Road to S. João do Estoril 2 Construction 1 3,0 0,40
D Variant Road to EN-249-4 12 Construction 2 30,0 6,00
E Lisbon Seaside Road (Algés-Dafundo) 2 Construction 2 5,0 1,00
F Variant to EN-249-3 2,5 Construction 2 6,3 1,25
G1 North Longitudinal Road (IC17-EN249-3)8 Construction 2 20,0 4,00
G2 North Longitudinal Road (EN249-3-IC30)1 ,5 Construction 2 26,3 5,25
H 3th Circular Road of Lisbon 9 Construction 2 22,5 4,50
I East Circular Road of S. Pedro 4 Construction 1 6,0 0,80
J South Longitudinal Road 5 Construction 2 12,5 2,50
L Seaside Road 14,5 Construction 1 21,8 2,90
M Link between Portela and Coloride 9,5 Construction 2 23,8 4,75
N East Circular Road of Cácem 3 Construction 1 4,5 0,60
O West Circular Road of Cácem 4 Construction 1 6,0 0,80
P Link between Malveira and Ericeira 17 Construction 1 25,5 3,40
Q1 North Belt Line Road  (IP1-IC1) 25 Construction 1 37,5 5,00
Q2 North Belt Line Road (IC1-IC30) 18 Construction 1 27,0 3,60
R1  South Circular Road (IC20-EN378) 12 Cns. 4Km; Imp. 8Km 2 22,0 3,60
R2  South Circular Road (EN378-IC21) 10 Improvement 2 15,0 2,00
S1 Tourist Road (Trafaria-EN377) 4,5 Construction 1 6,8 0,90
S2 Tourist Road (EN377-Sesimbra) 33 Cns. 17,5Km; Imp. 15,5Km 1 41,8 4,74
T1 Variant Road to EN10 (Seixal) 7,5 Construction 1 11,3 1,50
T2 Variant to EN10 (Almada) 3,5 Construction 1 5,3 0,70
U1 Link between  Moita and Pinhal Novo14,5 Construction 1 21,8 2,90
U2 Link between Seixal, Barreiro and Moita12 Construction 1 18,0 2,40
V Extension of IC20 (Costa da Caparica)5,5 Construction 2 13,8 2,75
X Variante Road to Sesimbra 8 Construction 1 12,0 1,60
Z Circular External Road to Montijo 5,5 Construction 1 8,3 1,10
W Links to IP1 (Alcochete) 8 Construction 1 12,0 1,60
K Link from EN10 to IP7 1,5 Construction 2 3,8 0,75
Y Link to Port of Setúbal 8 Construction 1 12,0 1,60
a Improvement of  EN10-4 20,5 Improvement 1 20,5 1,64
b Variant to EN379 27 Construction 1 40,5 5,40
TOTAL 331 83,93
12.3.4 Identifying potential packages of projects
The total costs of all projects (84 billion Esc.; cf. Table 12.3) is higher than the available
budget2 (45 billion Esc.), which implies that choices are necessary. In order to find feasible
alternatives, the projects were grouped in four packages each one with a specific objective.
Each package has six fixed projects (Table 12.4), that use up 28.5% of the available budget.
Fixed projects are those which should be implemented in to complete the National Road
Network grid in congested areas, and projects that are a complementary to others.
                                                  
2 The budget is similar to that of the “Community Development Framework 1994-1999” in the 4th
Measure (Reduce Congestion in the Metropolitan Areas of Lisbon and Oporto) (MPAT, 1994).
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The package composition is shown in Table 12.5; the corresponding maps are shown in
Figure 12.6. All packages included the fixed projects plus others designed as follows:
· Package 1 (P1) – includes projects to complete main urban links (Sintra, Setúbal, Cacém
and Lisbon Third Ring Road) or alternative projects to congested roads.
· Package 2 (P2) - includes projects and projects that directly benefit North LMR.
· Package 3 (P3) - includes projects that directly benefit the major regional ring roads.
· Package 4 (P4) - includes projects that directly benefit South LMR.
Table 12.4. List of fixed projects.
Prj. Denomination Length (Km)Cost (billion Esc)
F Variant to EN-249-3 2,5 1,25
G1 North Longitudinal Road (IC17-EN249-3) 8 4,00
R1  South Circular Road (IC20-EN378) 12 3,60
S1 Tourist Road (Trafaria-EN377) 4,5 0,90
T1 Variant Road to EN10 (Seixal) 7,5 1,50
Y Link to Port of Setúbal 8 1,60
Total 42,5 12,85
Table 12.5. Package composition.
P1 P2 P3 P4
A Extension of IC15 (Birrre-Guincho) [
B Extension of C16 (IC15/Cascais) [
C Variant Road to S. João do Estoril [
D Variant Road to EN-249-4 [ [ [ [
E Lisbon Seaside Road (Algés-Dafundo)
F Variant to EN-249-3 [ [ [ [
G1 North Longitudinal Road (IC17-EN249-3)[ [ [ [
G2 North Longitudinal Road (EN249-3-IC30) [ [
H 3th Circular Road of Lisbon [ [
I East Circular Road of S. Pedro [
J South Longitudinal Road [
L Seaside Road
M Link between Portela and Coloride [ [
N East Circular Road of Cácem [ [
O West Circular Road of Cácem [
P Link between Malveira and Ericeira
Q1 North Belt Line Road  (IP1-IC1) [ [ [
Q2 North Belt Line Road (IC1-IC30) [ [ [
R1  South Circular Road (IC20-EN378) [ [ [ [
R2  South Circular Road (EN378-IC21) [ [
S1 Tourist Road (Trafaria-EN377) [ [ [ [
S2 Tourist Road (EN377-Sesimbra) [
T1 Variant Road to EN10 (Seixal) [ [ [ [
T2 Variant to EN10 (Almada)
U1 Link between  Moita and Pinhal Novo[ [ [
U2 Link between Seixal, Barreiro and Moita[ [ [
V Extension of IC20 (Costa da Caparica) [
X Variante Road to Sesimbra [ [
Z Circular External Road to Montijo [
W Links to IP1 (Alcochete) [
K Link from EN10 to IP7
Y Link to Port of Setúbal [ [ [ [
? Improvement of  EN10-4 [ [
? Variant to EN379 [
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Figure 12.6. Spatial visualisation of Packages P1 (top left), P2 (top right), P3(bottom left)
and P4 (bottom right).
12.3.5 Impacts-profile for each policy unit
The association of an impact level to each descriptor for each package of projects (that is, the
definition of the impact profile for each package) was made for each municipality and for the
region. As an example, Table 12.6 shows the impact of the four packages for the concerns
“Air Pollution” in each municipality and the region. Table 12.7 shows the impact profile of
package P1, P2, P3 and P4 for the LMR.
Table 12.6. Impacts for the concern “AIR POLLUTION” specified through the descriptor
“HC and CO: changes in emissions”.
P1 P2 P3 P4 P1 P2 P3 P4
AlcocheteN4 N7 N4 N4 Montijo N1 N4 N1 N7
Almada N7 N7 N7 N7 Oeiras N1 N4 N4 N7
Amadora N1 N7 N1 N1 Palmela N7 N4 N4 N7
Barreiro N7 N7 N7 N7 Seixal N7 N4 N7 N7
Cascais N1 N1 N1 N1 SesimbraN7 N7 N7 N7
Lisboa N7 N4 N4 N4 Setúbal N7 N4 N7 N7
Loures N7 N4 N7 N4 Sintra N4 N4 N1 N4
Mafra N7 N7 N7 N7 V.F.Xira N4 N4 N7 N4
Moita N3 N7 N4 N4 Region N7 N7 N7 N7
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Table 12.7. Impacts-profiles for the LMR (Region).
Impacts in the Region Status Quo P1 P2 P3 P4
C1-ACCESSIBILITY 0 4 3 4 4
C2-CONNECTIVITY 0 3 3 3 3
C3-NOISE POLLUTION 0 9,4 10,1 10,1 6,9
C 4-AIR POLLUTION N4 N7 N7 N7 N7
C51-LAND USE (Urban) 0 1,6 0,8 0,8 0,8
C52-LAND USE (Non Urban) 0 0,4 0,3 0,4 0,6
C6-URBAN DEVELOP.  POTENT. 0 21 21 19 26
12.4 Building a Model of Values
12.4.1 Value Functions
To quantify the attractiveness of the policy actions (packages) in terms of each concern,
cardinal value functions (cardinal criteria) were constructed on the corresponding descriptors.
The seven value functions were assessed following these two approaches:
1. MACBETH: for concerns C1, C2, C4, C51, C52 and C6;
2. Bisection Method: for concern C3.
Figure 12.7 shows the value function for the concern “Air Pollution” (qualitative descriptor)
constructed using the MACBETH procedure; Fig  12.8 shows the value functions the
others concerns (quantitative descriptors). These value functions are the result of interviews
with the experts of the WG3 of the LMR.
Figure 12.7. Value function for the concern C4 - “Air Pollution”.
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Figure 12.8. Value functions for concerns C1, C2, C3, C51, C52 and C6.
Value functions serve to translate impacts into value scores, which indicate the attractiveness
of an impact with respect to two reference impacts (for example, for “Noise pollution”, 0 is
the best plausible level, and 60 000 inhabitants is the worst plausible level). Value functions
are the same for the 18 municipalities and for the region. For each concern, a “good impact
profile” is also defined (Table 12.8), as an absolute reference to evaluate the alternatives.
With value functions, the impact matrix can be translated into a value table, as shown for the
Region in Table 12.9
Table 12.8. Good profile impact for each concern.
Concern Good impact profile
C1 – ACCESSIBILITY 10%
C2 – CONNECTIVITY 6%
C3 – NOISE POLLUTION 15 000
C4 - AIR POLLUTION N4
C51 – LAND USE (Urban) 2%
C52 – LAND USE (Non Urban) 2%
C6 – URBAN DEVEL. POTENT. 30%
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Table 12.9. Value table for the Region.
Status Quo P1 P2 P3 P4 Good profile
C1 – ACCESSIBILITY 41,2 50,6 48,2 50,6 50,6 64,7
C2 – CONNECTIVITY 0,0 24,7 24,7 24,7 24,7 45,9
C3 – NOISE POLLUTION 100,0 42,7 41,5 41,5 46,8 33,3
C4 - AIR POLLUTION 64,3 100,0100,0100,0100,0 64,3
C51 – LAND USE (URBAN) 100,0 90,6 95,3 95,3 95,3 88,2
C52 – LAND USE (NON URBAN) 100,0 92,0 94,0 92,0 88,0 60,0
C6 – URBAN D. POTENTIALITIES 0,0 25,3 25,3 22,0 35,3 63,3
12.4.2 Assessing scaling constants: the weights
After evaluating the attractiveness of the actions for each concern, to perform an evaluation of
the overall attractiveness of each alternative it is necessary harmonise the value scales. The
overall attractiveness of an alternative depends on the relative importance of the impact
ranges. This correspond to the concept of “trade-off”, that is, how much one is willing to give
up in one concern to achieve more on another. Scaling constants (weights) were assessed with
the support of MACBETH, in the framework of a simple additive aggregation model (Figure
12.9). Table 12.10 shows the results.
Figure 12.9. Weights assessment using MACBETH procedure.
Table 12.10. Weights for each concern.
CONCERN WEIGHTS
C1 – ACCESSIBILITY 19
C2 – CONNECTIVITY 29
C3 – NOISE POLLUTION 24
C4 - AIR POLLUTION 9
C51 – LAND USE (Urban) 3
C52 – LAND USE (Non Urban) 1
C6 – URBAN DEVEL. POTENT. 15
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12.4.3 Evaluating the alternatives
Once value functions and weights are established, the overall attractiveness of an alternative
can be computed with an additive value model. The results for all municipalities and the
region are presented in Table 12.11 and displayed in F gure 12.10 for the region.
Table 12.11. Overall attractiveness of each package for each municipality and for region.
Overall AttractivenessStatus Quo P1 P2 P3 P4 Good Profile
Alcochete 41.6 42.5 45.3 42.5 41.8 52.1
Almada 41.6 38.1 33.4 38.1 41.9 52.1
Amadora 41.6 30.4 39.5 30.5 40.7 52.1
Barreiro 41.6 63.1 70.7 86.7 71.1 52.1
Cascais 41.6 28.3 31.9 27.9 28.3 52.1
Lisboa 41.6 33.6 30.4 26.0 47.0 52.1
Loures 41.6 41.4 37.8 40.7 47.7 52.1
Mafra 41.6 48.1 48.1 48.1 48.1 52.1
Moita 41.6 44.9 60.3 58.5 45.5 52.1
Montijo 41.6 34.9 41.2 34.9 56.1 52.1
Oeiras 41.6 36.6 43.6 43.6 45.6 52.1
Palmela 41.6 45.8 41.6 42.5 48.1 52.1
Seixal 41.6 36.7 34.8 44.2 40.7 52.1
Sesimbra 41.6 80.4 72.9 72.9 81.0 52.1
Setúbal 41.6 48.2 45.0 48.7 45.7 52.1
Sintra 41.6 35.7 35.8 27.2 40.1 52.1
V.F.Xira 41.6 37.4 37.4 40.7 33.2 52.1
Region 41.6 43.4 42.9 42.8 46.0 52.1
43,4 42,9 42,8 46,0
0,0
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20,0
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40,0
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Packages
Overral Value
Packages
Status Quo
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Figure 12.10. Overall attractiveness of the four packages in the Region.
By analysis the overall attractiveness of the four packages, it can be concluded that:
· package P1 is never the best package for none of the policy units;
· package P2 is best for Alcochete, Cascais and Moita;
· package P3 is the best choice for Barreiro, Seixal, Setubal and V.F. Xira;
· package P4 is the best package for the remaining 9 municipalities and for the region.
All packages have an overall value lower than the good profile. To better understand the
situation, the impacts of the packages can be displayed as maps. This is shown for P4, the
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best package for the region, in Figure 12.11, which displays the regional distribution  of the
attractiveness scores of P4 for concerns C1, C2, C3 and C6. The overall attractiveness of P4
for each municipality is shown in Figure 12.5.
C1-Accessibility C2-Connectivity
C3-Noise Pollution C6-Urban Development Potentialities
Figure 12.11. Values for concerns C1, C2, C3 and C6 for each municipality (P4).
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Figure 12.12.Overall attractiveness for package P4 (SQ=Status Quo).
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12.4.4 Cardinal Conflict Analysis
Conflict analysis is based on the analysis of the results of the value models for each unit and
for each policy option (packages of projects) under consideration. In the cardinal conflict
analysis carried out by considering conflict indices, the neutral profile is considered equal to
the status quo. This means that in a certain unit, any package which have an overall value
higher to that of the status quo is considered as attractive. To make a comparison between
overall values computed for different units, the overall values of the alternatives must be in a
common interval (cardinal) scale. Based on the neutral profile, the value table can be re-
scaled by attaching a score of zero to the status quo and a score of 1 to the good profile
(Table 12.12).
Table 12.12. Overall re-scaled scores of each package in each policy unit.
Overall Attractiveness (re-scaled) P1 P2 P3 P4
Alcochete 0.9 3.7 0.9 0.1
Almada -3.5 -8.2 -3.5 0.3
Amadora -11.2 -2.2 -11.1 -0.9
Barreiro 21.5 29.1 45.0 29.5
Cascais -13.3 -9.8 -13.7 -13.3
Lisboa -8.0 -11.2 -15.7 5.4
Loures -0.2 -3.8 -1.0 6.1
Mafra 6.5 6.5 6.5 6.5
Moita 3.3 18.7 16.9 3.9
Montijo -6.7 -0.5 -6.7 14.5
Oeiras -5.1 2.0 2.0 3.9
Palmela 4.1 0.0 0.9 6.5
Seixal -4.9 -6.8 2.6 -0.9
Sesimbra 38.8 31.2 31.2 39.4
Setúbal 6.6 3.3 7.1 4.0
Sintra -5.9 -5.8 -14.5 -1.5
V.F.Xira -4.2 -4.2 -1.0 -8.5
Region 1.8 1.3 1.2 4.4
Taking in account the results of Table 12.12, one can compute the collective attractiveness
and unattractiveness for each package of projects (Figure 12.13). For each package, the
collective attractiveness is the sum of all positive re-scaled scores (those of Table 12.12)
across all policy units. The collective unattractiveness is the opposite. As displayed in Figure
12.13, Package P4 is the less conflicting package, since it combines the highest collective
attractiveness and the lowest collective unattractive. Another analysis performed was based
on the index of unattractiveness (IREP) and on the index of global unattractiveness (GIREP).
They measure the unattractiveness of Package P4 for each municipality and the global
unattractiveness of P4 for all the municipalities, respectively (
Table 12.13). This table shows that package P4 is unattractive only for four units (Cascais,
Seixal, Sintra and V.F. Xira).
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Figure 12.13. Collective attractiveness and unattractiveness.
Table 12.13. IREP and GIREP indexes for P4.
Municipality Best PackageIREP
Alcochete P2 0,0
Almada P4 0,0
Amadora P4 0,9
Barreiro P3 0,0
Cascais P2 13,3
Lisboa P4 0,0
Loures P4 0,0
Mafra P4 0,0
Moita P2 0,0
Montijo P4 0,0
Oeiras P4 0,0
Palmela P4 0,0
Seixal P3 0,9
Sesimbra P4 0,0
Setúbal P3 0,0
Sintra P4 1,5
V.F.Xira P3 8,5
GIREP 25,1
12.5 Tentative conflict resolution: generation of two new packages
The analysis in the previous sections shows that Package 4 is the best and the least conflicting
of the four, and thus could represent a promising starting point for negotiation. However, this
package, as well as all the others, has an overall value lower than that of the good profile, and
still raises conflict between units. This lead to the search for new packages which could
perform better than P4 and decrease the conflicts. Therefore, two new packages were
designed, based on the following guidelines:
· Package 5 - Fixed projects plus complementary projects not included in P1, P2, P3,P4.
· Package 6 - Fixed projects plus those which contribute to reducing the congestion on
national roads, or which serve areas with low accessibility.
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The composition of P5 and P6 is shown in Table 12.14; maps are shown in Figure 12.14.
Table 12.14. Package composition for the additional P5 and P6 packages.
P5 P6
A Extension of IC15 (Birrre-Guincho)
B Extension of C16 (IC15/Cascais) [
C Variant Road to S. João do Estoril
D Variant Road to EN-249-4 [ [
E Lisbon Seaside Road (Algés-Dafundo)[
F Variant to EN-249-3 [ [
G1 North Longitudinal Road (IC17-EN249-3)[ [
G2 North Longitudinal Road (EN249-3-IC30)
H 3th Circular Road of Lisbon [
I East Circular Road of S. Pedro
J South Longitudinal Road
L Seaside Road [
M Link between Portela and Coloride [
N East Circular Road of Cácem [ [
O West Circular Road of Cácem
P Link between Malveira and Ericeira [
Q1 North Belt Line Road  (IP1-IC1) [ [
Q2 North Belt Line Road (IC1-IC30) [
R1  South Circular Road (IC20-EN378) [ [
R2  South Circular Road (EN378-IC21)
S1 Tourist Road (Trafaria-EN377) [ [
S2 Tourist Road (EN377-Sesimbra)
T1 Variant Road to EN10 (Seixal) [ [
T2 Variant to EN10 (Almada) [
U1 Link between  Moita and Pinhal Novo[ [
U2 Link between Seixal, Barreiro and Moita
V Extension of IC20 (Costa da Caparica)[
X Variante Road to Sesimbra [
Z Circular External Road to Montijo [
W Links to IP1 (Alcochete) [
K Link from EN10 to IP7 [
Y Link to Port of Setúbal [ [
? Improvement of  EN10-4 [ [
? Variant to EN379 [
Figure 12.14. Visualisation of packages P5 (left) and P6 (right).
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The procedure to calculate the overall attractiveness of these two packages is similar to that
one applied to the other packages. The impact profiles and the value tables for the six
packages for the regional policy unit are shown Table 12.15.
Table 12.15. Impacts profiles and attractiveness scores for the LMR (Region) policy unit.
SQ=Status quo; GP= good profile.
Impacts Attractiveness scores
SQ P1 P2 P3 P4 P5 P6 SQ P1 P2 P3 P4 P5 P6 GP
C1 0.0 4 3 4 4 3 6 41.2 50.6 48.2 50.6 50.6 48.2 55.364.7
C2 0.0 3 3 3 3 4 5 0.0 24.7 24.7 24.7 24.7 33.0 41.245.9
C3 0.0 9.4 10.110.16.9 7.5 8.4100.0 42.7 41.5 41.5 46.8 45.8 44.333.3
C4 N4 N7 N7 N7 N7 N7 N7 64.3100.0100.0100.0100.0100.0100.064.3
C5 0.0 1.6 0.8 0.8 0.8 0.8 0.8100.0 90.6 95.3 95.3 95.3 95.3 95.388.2
C6 0.0 0.4 0.3 0.4 0.6 0.3 0.4100.0 92.0 94.0 92.0 88.0 94.0 92.060.0
C7 0.0 21 21 19 26 24 19 0.0 25.3 25.3 22.0 35.3 31.3 22.063.3
The overall attractiveness is computed, again, in the framework of a simple additive value
model.
Table 12.16 shows the overall values for the six packages for all the municipalities and for the
region. Figure 12.15 displays the overall attractiveness of the six packages in the Region and
in Figure 12.16 shows the contribution of each concern to the overall attractiveness of the six
packages for the region.
Table 12.16. Overall attractiveness for the Municipalities and for the Region.
Overall Attractiveness Status Quo P1 P2 P3 P4 P5 P6 Good Profile
Alcochete 41.6 42.5 45.3 42.5 41.8 43.7 46.2 52.1
Almada 41.6 38.1 33.4 38.1 41.9 33.0 45.3 52.1
Amadora 41.6 30.4 39.5 30.5 40.7 43.1 40.8 52.1
Barreiro 41.6 63.1 70.7 86.7 71.1 74.2 74.5 52.1
Cascais 41.6 28.3 31.9 27.9 28.3 29.1 39.1 52.1
Lisboa 41.6 33.6 30.4 26.0 47.0 41.1 36.5 52.1
Loures 41.6 41.4 37.8 40.7 47.7 47.0 41.9 52.1
Mafra 41.6 48.1 48.1 48.1 48.1 50.5 47.8 52.1
Moita 41.6 44.9 60.3 58.5 45.5 65.3 65.1 52.1
Montijo 41.6 34.9 41.2 34.9 56.1 54.1 41.0 52.1
Oeiras 41.6 36.6 43.6 43.6 45.6 44.1 43.2 52.1
Palmela 41.6 45.8 41.6 42.5 48.1 47.7 51.9 52.1
Seixal 41.6 36.7 34.8 44.2 40.7 40.9 44.1 52.1
Sesimbra 41.6 80.4 72.9 72.9 81.0 72.9 82.5 52.1
Setúbal 41.6 48.2 45.0 48.7 45.7 45.1 51.9 52.1
Sintra 41.6 35.7 35.8 27.2 40.1 37.7 51.0 52.1
V.F.Xira 41.6 37.4 37.4 40.7 33.2 39.8 40.2 52.1
Region 41.6 43.4 42.9 42.8 46.0 47.2 49.2 52.1
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Figure 12.15. Overall attractiveness for the Region.
Figure 12.16. Overall attractiveness for the Region (contribution of each concern to the
overall value).
The new packages (P5 and P6) are both more attractive for the region than the previous ones,
which means that both increase the overall value for the region. As done before for Package
P4, the values of concerns C1, C2, C3 and C6 for the best package in the region (P6) were
displayed in a GIS platform, to provide a spatial visualisation of their impacts (Figure 12.17).
The overall attractiveness of Package P6 is presented for each municipality in Fig re 12.18.
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Figure 12.17. Values for concerns C1, C2, C3 and C6 for each municipality (Package P6).
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Figure 12.18. Overall attractiveness for each municipality (Package P6).
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Package P6, the best package for the region, has an overall value (49.2, see Fig re 12.16)
which is still slightly lower than the good profile (52.1, see Figure 12.16). However, in order
to reach the score of the good profile it would be necessary to implement all projects. This is
the so-called Full Package (Fi ure 12.19), which would require a budget twice as high of that
available. Package 6, nevertheless, represents an improvements as compared to P4 (and P1,
P2 and P3) and it is also very close to the good profile.
Figure 12.19. Full package compared with Good profile.
12.6 New conflict analysis
To verify that P6 is also an improvement in terms of diminishing the degree of conflict,
conflict analysis performed again on the group of six packages. As done before, this was
based on two indices:
· Collective attractiveness and unattractiveness (Figure 12.20);
· IREP and GIREP indexes for package for P5 and P6 (Table 12.17).
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Figure 12.20. Collective attractiveness and unattractiveness of all packages.
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From the analysis of Figure 12.20 it can be concluded that package P5 is collectively more
attractive than P4, but also collectively more unattractive. This implies that, compared to P4,
P5 is considered as more attractive by a group of units, but also that the other units consider it
more unattractive. Due to this fact, P5 is not necessarily preferred, in terms of conflicts, to P4.
Moreover the index of unattractiveness (GIREP) of package P5 is higher than the GIREP of
package P4 (cf. Table 12.13 and Table 12.17).
Table 12.17. IREP and GIREP indexes for packages P5 and P6.
Municipality Best Package for each
municipality
IREP P5 IREP P6
Alcochete P6 0,0 0,0
Almada P6 8,6 0,0
Amadora P5 0,0 0,8
Barreiro P3 0,0 0,0
Cascais P6 12,5 2,5
Lisboa P4 0,5 5,1
Loures P4 0,0 0,0
Mafra P5 0,0 0,0
Moita P5 0,0 0,0
Montijo P4 0,0 0,6
Oeiras P4 0,0 0,0
Palmela P6 0,0 0,0
Seixal P3 0,7 0,0
Sesimbra P6 0,0 0,0
Setúbal P6 0,0 0,0
Sintra P6 3,9 0,0
V.F.Xira P3 1,8 1,4
GIREP 27,9 10,4
On the contrary, package P6 is the least conflicting package, since it combines the highest
collective attractiveness value and the smallest collective unattractiveness value. In addition,
the GIREP of P6 is the smallest of all packages. The higher the value of GIREP, the more
difficult it would be for a policy unit to impose its preferred option, since it is a very
unattractive option for the other units. The fact that P6 is the option that has the lower GIREP
means that this is the option that requires less sacrifices to the other units.
12.7 Sensitivity analysis on weights
To evaluate the uncertainty on the value judgements, sensitivity analysis was also performed.
Figure 12.21 shown the analysis performed in the weights of concerns C1, C2, C3 and C6 for
the Region. From the analysis of Figure 12.21, it can be concluded that P6 is the best package
for these four concerns. With significant variations (around 10%) on the weights, P6 remains
unaffected.
A broader sensitivity analysis can be performed based on the ranking of the weights
(Yakowitz and Weltz, 1998). This analysis, called robustness analysis, was performed for the
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region. Figure 12.22 shows that Package P5 dominates package P2 (cf. Table 12.15) since its
impacts are better or equivalent to those of P2. However, based only on the rank order of the
weights, it can be concluded that P6 is a robust choice compared to the others, since it
additively dominates P1, P2, P3 and P5.
Figure 12.21. Sensitivity analysis on weights for concerns C1, C2, C3 and C6.
Figure 12.22.Robustness analysis on weights for the region.
12.8 Conclusions
This chapter describes the methodology used for the analysis of conflicts between the policy
units (the Lisbon Metropolitan region and its eighteen municipalities) involved during the
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evaluation of a set of projects (packages) which are meant to improve the quality of LMR
road network.
The methodology adopted allows to take in account not only the dynamic character of
the process, but also clarifies present and emerging conflicts, taking into account the
qualitative and subjective aspects implicit in the values of each policy units.
The evaluation of potential options allowed to assess how much the objectives of each
policy unit could be met. The choice of a package of projects was made by giving special
attention to the achievement of the objectives of the units while at the same time
preventing strong conflicts between units.
The analysis of conflicts provided a useful indication about how much is it necessary to
negotiate to reach an agreement on a specific alternative. As a result, it was necessary to
generate and evaluate two new packages of projects, less conflicting for all the policy
units.
The DSS used proved to be very useful for assessing, modelling and managing all the
information, as well as to create a common language, which was understood by all the
actors. Particularly, the visual interactive analysis of the results for each unit, as well as
the spatial visualisation allowed by GIS, were a major contribution for the process.
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13. A software prototype for the DTCS methodology
A. Colorni, E. Foresti, E. Laniado, S. Muratori, G. Stagni and P. Tagliavini
Consorzio MIP- Politecnico di Milano
Milano, Italy
13.1 Introduction
This chapter illustrates a spreadsheet application, that supports the DTCS methodology.
The main features of the package are:
· it provides a framework for the description of a decision problem, the policy units
involved and the alternatives considered;
· it supports the structuring phase for each policy unit (value trees, descriptors,
indicators, impacts, value functions, weights);
· it performs the weighted sum and computes the ranking of the alternatives;
· it supports the analysis of uncertainty;
· it supports the analysis of conflicts.
The software has been designed to be linked to a GIS, to show the spatial implications of
the decision, at different steps of the procedure. The illustration of the software is based on
the example case presented in the main report. The ap lication handbook, attached to the
software offers the technical information, the software manual and a troubleshooting
section.
The application is based on a commercial package (Microsoft Excel for Windows 95,
version 7.0). The Excel application covers almost all aspects of the DTCS methodology.
However, some limitations in the spreadsheet make it difficult to perform all operations of
DTCS. In some cases, for instance for the assessment of value functions with MACBETH,
the use of external packages is necessary in combination with the Excel spreadsheet.
However, the software covers all aspects of DTCS offering, for each methodological step,
one or more functions to support the analysis.
There are some implication related to the use of a commercial software:
· The use of a commercial software allows for the developer to take advantage of all the
standard features of the software. There is no need to build basic functions (i.e.
managing files, printing, drawing charts, …) because all these functions are already
available within the basis software and can be used almost “as they are”; this results in
a significant shortening in developing time and costs. For the same reason, some
particular features of DTCS need not be programmed ex novo, because it is often
possible to obtain the same, or a very similar, result by using standard features of the
software.
· The use of a spreadsheet has both positive and negative implications. The main
negative implication is the difficulty in ensuring logical data consistency. A referential
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integrity would be useful, for example, when defining values trees and descriptors, but
it is almost impossible to obtain it in a spreadsheet. A relational database would be
required. In addition, some other aspect are quite difficult to be implemented in a
spreadsheet - especially those regarding hierarchical trees and automatic GIS
representation. On the other hand, multicriteria analysis is intrinsically suitable to be
managed in a spreadsheet with the use of its classic functions. In a further development
of the software, however, it would be necessary to reconsider the approach. If
robustness becomes more important than flexibility, a database application could give
better results than a spreadsheet application.
· Excel is a widespread, fully functional software. It also contains a programming
language. Building an application in Excel consists in structuring a workbook and
implementing specific functions which perform computations between sheets of the
workbook.
The logical path of a complete evaluation with the DTCS software can be structured as
follows:
Multicriteria analysis
- structuring
- problem formulation
- evaluation
Uncertainty analysis
Conflict analysis
13.2 Multicriteria analysis
13.2.1 Structuring
The following steps are required in order to define the case under evaluation:
1. Insert policy units (PUs)
- number
- names
- description and other information (e.g. spatial information, if available)
2. Insert policy options (POs)
- number
- names
- description and other information.
A pair of reference policy options (reference profiles) can be used as “reference options”,
to allow cardinal comparison between results of different units. These two options
generally represent a neutral alternative (or a s atus quo lternative) and a “good”
alternative. If a single policy option is available as “reference option” (representing the
neutral alternative) it can be used for classifying options between attractive and
unattractive.
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13.2.2 Problem formulation
The following steps are required:
1. Insert value trees for each PU, specifying, if desired, a time and/or spatial dimension;
2. Fill in impact matrices for each PU, with numerical and/or qualitative values;
3. Define value functions for each PU and descriptor. Value functions can be defined as
analytical functions (for numerical impacts only) or as piecewise linear functions (for
every impact);
4. Assess (numerical) weights for each PU.
It should be noted that:
· all policy units share the same policy options;
· policy units can have identical value tree, they can share a subset of concerns/
descriptors in the value tree, or can have their own, completely independent value trees;
· policy units can have identical or different impacts and weights;
· the same value function can be used for more than one descriptors and for descriptors
of different policy units.
13.2.3 Evaluation
The following steps represent the final phases of the multicriteria evaluation, for each
policy unit:
1. computation of a partial weighted sum of the policy options on each level of the value
tree;
2. computation of the final weighted sum (overall performance of each policy option);
3. final ranking of the policy options based on overall value score;
4. re-normalisation of the weighted sum of each policy unit, according to two reference
options, in order to make it possible a comparison between results of different units in a
cardinal sense.
A geographical representation of impacts, values and weighted values, can be performed
by linking the spreadsheet to a commercial GIS software. In the present version, however,
there is no automatic link between the software and a GIS.
13.3 Uncertainty
In the present release, the software addresses only uncertainty on the weights. The
software allows for the search of weight variation which would lead to a rank reversal of
the alternatives. However, it is always possible to perform simulations with different
impacts, different weights and/or different value functions. In all these cases it is possible
to save the final results of each simulation in a separate sheet, and to compare results.
The implemented sensitivity test on weights consists of the following steps (the test can be
performed for each policy unit, separately):
· Fixing a parametric variation for a group of weights. Possible options are:
Institute for Environmental Studies220
- variation of a single weight;
- variation of a group of weights (e.g. all the weights referring to a same branch of the
value tree) of the same percentage;
- variation of a group of weights in fixed proportions (e.g. all the weights of the
“environment branch” can change twice as much as the weights of the “economy
branch”).
· Computing of the rank reversal weights, i.e. the particular weight set for which the
alternative which is first in the ranking is replaced by another.
13.4 Conflict analysis
Conflict analysis is supported by computing of conflict indices. In the present release of
the software, only a subset of indexes has been implemented. In particular:
· Ordinal conflict analysis in a choice scope (called “CHOI” index), indicating the
degree to which the set of units share the same best option;
· Ordinal conflict analysis in a ranking scope (“RANKI” index), comparing the rank
order of two units and specifying the number of rank reversals between options.
13.5 The evaluation path
The description in the following provides an overview of the steps of an evaluation
process. For specific information about the Excel sheets, the menu items and technical
problems, the reader should refer to the application handbook which accompanies the
software.
It can be useful to divide the evaluation into three main steps. A fourth step concerns some
optional choices available to the uses.
A. Data entry
r Definition of Policy units and Policy options
r Definition of the complete Value tree
r Evaluation matrices (definition of mpacts)
B. Computing
r Application of Value functions
r Assessment of Weights
r Ranking with Weighted sum
C. Result analysis
r Report of the evaluation results
r Sensitivity analysis (uncertainty)
r Conflict indexes
Utilities
r Charts
r Evaluation utilities
r Printing procedure
r Software options
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Data entry (from the point of view of the software) corresponds to the “structuring” and
“problem formulation” (as described in the previous section), while computing
corresponds to “performing the evaluation”. The result analysis comprises both the
automatic reporting of results and the examples of sensitivity and conflict.
Specific procedures are implemented to create and open an evaluation session and to
navigate through the evaluation sheets. These procedures are managed by two specific
sheets:
· the “help” sheet, which is part of the application workbook;
· the “main” sheet of each evaluation.
13.6 Data entry
Once an evaluation session has been created, the family of operations related with data
entry includes entering the policy options, the policy units, the value tree and the evaluation
matrices. The first two steps refer to the whole set of units, the third one considers each
unit on the same sheet, the last considers each unit in separate sheets.
13.6.1 Policy units
The Policy units sheet contains a table with some information on the policy units. In
particular: the identification name (ID) of each policy unit (this is the only piece of data
required); the name, description and other characteristics of each policy unit.
When starting the evaluation, Units are added by simply filling in the table. When the
evaluation has already been performed, Units can be added, deleted or renamed using the
corresponding menu item.
13.6.2 Policy options
The Policy options sheet is very similar to the Policy units sheet. The table contains the
following information: the identification name (ID) of each policy option (this datum is the
only required); the name, description and other characteristics of each policy option.
Similarly to the case of the policy units table, the options table can be filled in when a new
evaluation is started. When the evaluation is in progress, an appropriate menu item allows
the user to add, delete or rename options.
13.6.3 Value tree
The value tree sheet includes the concerns, organised in different levels (representing
branches in the tree). The first level is the root of the tree. A maximum of seven levels
(plus the root) is allowed. The last level of concerns corresponds to the descriptors.
Although the value tree always stores the complete tree for all Units, it is possible to hide
columns (of Units) and rows (of their descriptors) to see only the sub-part of the tree
containing the set of descriptors of a selected Unit.
When creating the value tree, the user has first to enter the desired number of levels and
descriptors, then has to fill in the tree. In order to allow different trees for different Units,
Institute for Environmental Studies222
the user can mark the descriptor row in the columns of all the Units that are linked
interested in considering that descriptor in their evaluation. In this way it is possible to
have Units with identical trees, with trees having partly different descriptors, and even
with completely different trees. The complete tree for the DTCS example is shown in fig.
Figure 13.1.
Figure 13.1. The screen snap of the value tree.
Changing the sequence of aggregation
In some cases it may be useful to re-design the value tree, in order to change the sequence
of aggregation. For example, if the original tree represents the spatial aggregation in the
last level, it may be interesting to shift this level leftward, in order to have the spatial
aggregation before the aggregation according to the “sector” concerns. An appropriate
procedure allows the user to perform these rearrangements of the value tree, under some
specific conditions. An example of swapping spatial levels with evaluation categories is
shown in Figure 13.2.
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Level 1 Level 2 Level 3
Spatial Descriptors Units Region
Root EnvironmentNoise Nation No. houses > 57dBeq. No. *
Root EnvironmentNat. Environment Area 1 Area affected ha *
Root EnvironmentNat. Environment Area 2 Area affected ha *
Root EnvironmentNat. Environment Area 3 Area affected ha *
Root EnvironmentNat. Environment Nation (q) Landscape structure impactq *
Root EnvironmentNat. Environment Global effects Greenhouse emissions kg *
Root Economy Employment Nation Jobs created No. *
Root Economy Accessibility Nation Qualitative descriptor q *
Root Economy Cohesion Nation Cohesion level (q) q *
Root Economy Costs Nation Billions $ *
Level 3 Level 1 Level 2
Spatial Descriptors Units Region
Root Area 1 Environment Nat. Environment Area affected ha *
Root Area 2 Environment Nat. Environment Area affected ha *
Root Area 3 Environment Nat. Environment Area affected ha *
Root Global effects Environment Nat. Environment Greenhouse emissions kg *
Root Nation Economy Accessibility Qualitative descriptor q *
Root Nation Economy Cohesion Cohesion level (q) q *
Root Nation Economy Costs Billions $ *
Root Nation Economy Employment Jobs created No. *
Root Nation Environment Nat. Environment (q) Landscape structure impact q *
Root Nation Environment Noise No. houses > 57dBeq. No. *
Figure 13.2. Example of column shifting to change the sequence of aggregation.
13.6.4 Evaluation matrices
After the creation of the value tree, it is necessary to create and fill in as many evaluation
matrices as the number of Units. Each matrix is located in a different sheet. The general
structure of an evaluation matrix is very similar to the structure of the value tree: the only
difference is the presence of a column for each policy option, at the right end of the tree.
Each impact in the matrix can be quantitative or qualitative. Each cell can hold a constant
value, or an Excel formula. Specific procedures in the application support the data entry in
the evaluation matrices: for example it is possible to copy descriptors from a Unit into
another one, or to document each impact with a comment. It is also possible to create
charts in order to represent impacts. An example of evaluation matrix for unit “Area 2”
can be found in Figure 13.3.
Level 1 Level 2 Level 3 Policy Units
Spatial Descriptors Units A 2 Alt1 Alt2 Alt3
Environment Noise Area 2 No. houses > 57dBeq No. * 150 300 0
Nat. Envir. Area 2 Area affected ha * 30 5 0
Area 3 Area affected ha * 0 0 5
Economy Employment Area 2 Jobs created No. * 200 400 100
Economy Accessibility Area 2 Qualitative descriptor q * b d c
Figure 13.3. Example of evaluation matrix for unit “Area 2”.
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13.7 Computing
13.7.1 Value functions
Each policy unit has to define a value function for each of its descriptors. The application
supports the operation by means of a dedicated sheet, the “valu  function manager”.
Trough the value function manager it is possible to create, edit, assign, delete value
functions (Figure 13.4).
Value functions can be defined for both qualitative and quantitative impacts. They can be
assigned as piecewise linear functions (with a maximum of 10 points) or as analytical
functions (for quantitative impacts only). X and Y values of a value function can also be
directly modified in a chart, using the mouse. As for the impacts, point estimates of the
value function can be fixed values or Excel formulae (containing references if required).
They can be documented with a comment.
Figure 13.4. Screen snap of the Value Function Manager.
13.7.2 Applying value functions (normalisation)
Once all value functions have been defined they can be applied to the descriptors to
generate “normalised” impacts. This procedure creates a new sheet (for each Unit), called
“Normalised matrix”.
Areas  for the selection of
Unit, descriptor and value
Impacts for
current descriptor
Value function definition
table
Chart of the
value function
DTCS final report 225
13.7.3 Weights
Each policy unit has to define a weight vector. Weights are defined in a sheet with a
structure almost identical to the one of the evaluation matrices. In the weight sheet (Figure
13.5), the user enters the weight values directly. The normalised weight set is
automatically computed, as well as the partial sums of the weights at each level of the tree.
Columns holding the minimum and maximum impact for each descriptors can be inserted
in the sheet, in order to support the assessment of weights. Weights can be displayed in a
chart and can be edited directly on the chart.
Figure 13.5. Screen snap for the weights sheet.
13.7.4 The weighted sum
A weighted sum is performed for each policy unit. The global performance of each policy
option is obtained by summing its values multiplied by the corresponding weights. The
weighted sum is managed by the application in the same sheet containing the evaluation
matrix: when the command is selected, the application adds the necessary columns and
formulae to the normalised matrix of the current Unit. The final weighted sum (global
performance) is added under the columns of each option in the normalised matrix. In
addition to the final sum, a partial weighted sum is computed for each level of the tree, to
show the performance of the policy options at different aggregation steps (Figure 13.6).
Aggregation of normalised
weights for each level of the
tree
Weights assessed by the user
Normalised weights
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Figure 13.6. Screen snap for the normalised matrix, containing the weighted sum.
13.8 Analysis of results
The third family of operations deals with the analysis of the results produced by the
evaluation. It comprises a procedure to report and store a single set of results, one example
of sensitivity analysis and two examples of conflict indexes, in the logic of an experimental
development of the software.
13.8.1 Reporting the evaluation results
The application can create a “Results” sheet, where all Units are represented, to help
comparisons between them (Figure 13.7). The weighted sum for each option and for each
Unit, as well as the ranking of the policy options are stored in this sheet.
When different evaluation tests are performed (e.g. evaluations assessed using different
sets of weights), the result sheet can be useful to keep track of the tests performed.
The user can create a chart with the weighted sum for all Units. The user can also create a
new re-normalised weighted sum. Since the weighted sums of different Units are not
directly comparable, the “attractiveness” utility allows the user to select two profiles which
Partial weighted sums
Normalised values
Total weighted sums
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will be used as reference for the re-normalisation - i.e. the first option selected
(representing the “neutral” option) will be set at 0, the second option selected
(representing the “good” option) will be set at 1. All other options will be normalised
within this new range. The result is a re-normalised weighted sum comparable across
units.
Figure 13.7. The screen snap for the results sheet.
13.8.2 Sensitivity analysis
The example of sensitivity analysis implemented in this release of the software regards the
weights. Following the DTCS methodology, it is possible to select a subset of weights (a
single weight, in the easiest case) and vary it until a rank reversal occurs, i.e. the original
best option is replaced by another. The variation can be the same for all the weights, or
each weight can vary of a fixed proportion with respect to the others (e.g. when the first
weight varies of x, the second may vary of 2x, the third of x/2, etc.)
The weighted sum for each Unit
The corresponding ranking
A re-normalisation (in this case with respect to Options
‘Alt1’ and ‘Alt3’) is used to give an absolute measure of
“attractiveness” of each Policy options
The chart of the weighted sum
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The sensitivity test is performed for each Unit separately and shows the original weights
and the new weights causing rank reversal (Figu e 13.8). The new best option is shown in
the heading of the new vector.
The rank reversal vector making Alt 3 the best 
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Figure 13.8. Example of sensitivity test for Unit ‘Region’ and corresponding chart of
original and new weights.
13.8.3 Conflict analysis
The examples of conflict indexes implemented in this release of the software regard two
ordinal indexes. The following indexes are implemented (Figure 13.9):
· “CHOI” index, for an ordinal conflict analysis in a choice scope. This index measures
the degree to which the set of units share the same best option. The higher the value of
No vector of weights can
make ‘Alt1’ the best option
Weights selected (by the user) to be
changed
New vector of weights for which
‘Alt3’ becomes the best option, and
corresponding value of P*aj
Original vector of weights
(‘Alt2’ is the best option)
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the index, the larger the pool of units with equal best option and thus the lower the
conflict.
· “RANKI” index, for an ordinal conflict analysis in a ranking scope. This index
compares the rank order of each Unit to that of the other Units and specifies the number
of rank reversals between options. The higher the index, the higher the number of rank
reversals and thus the conflict.
Figure 13.9. Conflict analysis sheet.
RANKI Index: rank
conflict table
CHOI Index
RANKI Index: rank reversal
table
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14. Summary and conclusions
14.1 Objectives
Transport policies, such as planning, design, construction and management of transport
infrastructure, have significant economic, social and environmental consequences. These
consequences are spatially distributed across areas which are affected by different benefits
and costs.
The choice of the most suitable plan involves balancing engineering, economic and
environmental considerations, and their spatial distribution. It also involves balancing the
demands of many individuals and organisations who have a stake in the decision.
BOX 1: The DTCS project has analysed four case studies in Europe in which these issues are crucial.
+ The Betuweroute freight railway will provide a fast connection between Rotterdam and Germany. It will
improve the competitiveness of the port of Rotterdam, limit road congestion, and contribute to the reduction of
air emissions. It will also affect the landscape, require the demolition of houses, destroy natural habitats and
expose several locations to noise impacts.
+ The area of Ashford (Kent, UK) will benefit from the Channel Tunnel high-speed railway. The international
passengers station will stimulate business and the creation of jobs. In the Medway section, south-east of
London, the same railway will go through a sensitive natural area, affecting nature, historical and cultural
sites.
+ The improvement of the road network in the Lisbon metropolitan area will require the construction of
several road links. The choice of the most suitable plan will have to balance costs and benefits for the region as
a whole, and consider the distribution of costs and  benefits to the municipalities affected.
+ The restructuring of the public bus network in Lombardy (Italy) requires the zoning of the region in small
uniform areas, similar in terms of transport demand. Size and number of these areas are negotiated between the
region and the provinces. They have to take into account the interests of bus companies and labour unions, and
guarantee an equitable spatial distribution of the benefits and costs of the policy .
Conflicts usually emerge in these situations, either because different actors enjoy different
benefits and suffer different costs, or because they judge costs and benefits differently. If
these issues are ignored, many actors will see their requirements disregarded, leading to a
tense atmosphere, hostility and dissatisfaction. If their demands have to be considered,
then appropriate tools have to be used to support policy evaluation, conflict analysis and
conflict management.
The goal of the DTCS project is to develop a methodology which supports:
1. The identification and structuring of the concerns of actors involved in the evaluation of
a transport policy at different spatial levels (e.g., national, regional, and local levels).
2. The assessment of the consequences of a transport policy and of its attractiveness from
the points of view of the actors involved.
3. The sensitivity of the results to various types of uncertainties and information gaps.
4. The analysis of the position of different actors, the identification of conflicts and of their
cause.
5. The use of this information to support negotiation between actors and to explore
alternative policy solutions.
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14.2 Methodology
The DTCS methodology is based on spatial analysis and decision analysis. Spatial analysis
supports the search for the most suitable allocation of human activities (e.g., housing,
infrastructure) across space. This approach is used to analyse and predict spatial impacts
and to provide evidence on the consequences of spatial decisions. Spatial analysis includes
a wide range of methods frequently implemented in Geographical Information Systems
(GIS). However, it offers a limited support to integrate in the analysis the views and
expectations of multiple decision actors. This aspect is the focus of decision analysis. It
serves to explore the value systems of the actors involved in a decision, to support problem
structuring, to assess value judgement, to compare decision options and to perform
sensitivity analysis.
The link between spatial analysis and decision analysis in DTCS is made through the
concept of policy unit. A unit is an area, administrative or other, associated to a distinctive
evaluation perspective. Units are found at
various spatial levels, for instance: national
government, regional authorities,
municipalities, local communities. They can
also be defined in terms of functional borders
(e.g., a river basin, a transport corridor) or
special area features (e.g., a protected area).
Units can be organised hierarchically, but
more in general they form a network.(e.g., a
river basin which involves many
administrations at different spatial levels).
The overall attractiveness of a transport
policy depends on the attractiveness of the
policy for all the units involved. They are
usually affected in different ways by the
policy, and employ different evaluation
criteria for its assessment.
The DTCS methodology focuses on the analysis of the policy (and its alternatives) from
the perspectives of all units simultaneously. For each unit, MultiCriteria Analysis (MCA)
serves to assess a policy option on multiple dimensions (e.g., economic effects, social
impacts, environmental performances). The attractiveness of a policy depends on its
expected effects and on their relative importance to a unit.
BOX 2: Policy units in the Lisbon case.
+ The reorganisation of the road network of the
Lisbon metropolitan area involved eighteen
municipalities (concerned with the local effects of
the a plan in their communities, as well as with its
regional implications) and the regional authorities
(concerned with the regional effects of a plan and
their spatial distribution). There is a total of
nineteen policy units in this case.
SESIMBRA
PALMELA
MOITA
SEIXAL
ALMADA
MONTIJOBARREIRO
OEIRAS MONTIJOCASCAIS
LOURESSINTRA
DE XIRA
VILA FRANCA
MAFRA
AZAMBUJA
ALCOCHETEAMADORA
LISBOA
SETUBAL
LISBON
metropolitant
region
Municipalities
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Characteristics of this analysis are that:
(1) it needs to be carried out closely
interacting with the actors in a unit (e.g.,
meetings, workshops, interviews,
questionnaires); (2) each unit may require
a different analysis if its evaluation
perspective does not coincide with that of
the other units.
The multicriteria technique called v lue
functions i  used in the DTCS project.
This approach can be split into four main
components: structuring, impact
assessment, value analysis, and sensitivity
analysis. Structuring means to explore
and identify the objectives/concerns of a
policy unit, and to organise them into a value tree. This tree specifies the areas of concern
of a unit (e.g., social effects of the policy, environmental impacts), the specific concerns
(e.g., accessibility, noise impacts, landscape modifications) and the descriptors selected by
the unit to measure the impacts of interest (e.g. number of houses exposed to noise levels
above a certain threshold).  Impact analysis serves to predict, as accurately as possible, the
future impacts of a policy. Impact analysis is based on measurement (e.g., amount of land
take), mathematical models (e.g., accessibility models), and expert judgement (e.g., long-
term health effects of air pollution). Impacts can be expressed in cardinal, ordinal, verbal,
descriptive or even pictorial terms. In the DTCS approach, impacts are related to the
perspective of a unit. The reason is that the type and amount of information necessary to
assess the attractiveness of a transport policy may be area specific or scale dependent, and
depend on the unit’s objectives and concerns. Geographical Information Systems (GIS)
are often used for impact assessment either as a spatial data-base to collect and organise
large amounts of spatial information, or as a platform for simulating and predicting the
spatial effects of a policy.
BOX 4: Impact analysis for
the Betuweroute.
+ The impacts of the
Betuweroute have been
computed with a GIS. Noise
contours, for instance, have
been computed taking into
account the noise levels
produced by the trains and
the effects of mitigation
measures, such as noise
screens.
                                     Unit Unit
                                           a    b
Demolition 17 15
Noise 34 28
Accidents5.4 8
Visual impacts 0 8
Landscape struct.2 3
Nature 0 0
Agriculture80 69
Economic impact0 0
BOX 3: Concerns for the units in the CTRL case.
+ The choice of the location of the Ashford station for
the Channel Tunnel rail link was based on the conce ns
of several units. Some concerns were common to all
units (e.g., ecological impacts), while others were
characteristics of single units (e.g. building costs).
Concerns
Units   ---->ABC KCC UR/
DoT
EF EU
Life Noise * * * *
Demolition * * * *
Severance * * * *
Nature Water * * * * *
Ecology * * * * *
Land Visual impacts * * * * *
Historical/ cultural * * * * *
Rural land take * * * * *
Economy Loss of jobs * * *
Business relocation * * *
Generation capacity * * *
International travellers * * *
Efficiency of  connection *
Building Costs * *
Institute for Environmental Studies234
Impact analysis produces a list of impacts - the impact profile of a policy - which describes
the consequences of the policy in terms of what is most relevant to the actors. This is
meant to be a factual analysis, which does not tell if the effects are attractive or
unattractive for a policy unit. Does an increase in accessibility of 10% justify the costs of
the policy? Is a land take of 500 ha acceptable? Is a reduction of 5% in air emissions a
large or small improvement? Value functions help to streamline subjective judgements and
answer to these questions. By requiring the policy actors to evaluate a series of simple
cases, the evaluation strategy of the actors can
be revealed.
Value functions are a simplified mathematical
representation of this strategy, which reflect
the preferences and tastes of the actors
involved. The list of impacts can thus be
translated into a list of attractiveness scores:
the higher the value, the better the impact.
The overall attractiveness of a policy depends
on these values and on the weight associated
to individual objectives/concerns. Through a
weighted scheme, an overall value score can
be associated to a policy option, reflecting the
overall attractiveness of the policy. This serves
to compare options in a transparent way and to
increase the logic of the decision.
Estimates of policy impacts may be affected by substantial errors (e.g., what will be the
number of jobs directly or indirectly created by a railway station?). People may also
hesitate on their preferences and priorities (e.g., does it really make sense to spend 1M$ to
prevent 100 car accidents per year on average?). These source of uncertainty imply that
the conclusions of the analysis are uncertain and need to be used carefully. Sensitivity and
robustness analysis serves to analyse the credibility and stability of the results when
uncertainty and information gaps are present. This can be achieved by means of
simulation, statistical analytical or tailor-made methods optimised for specific types of
uncertainty (e.g., uncertainty on the weights).
BOX 6: Weight sensitivity for the Lisbon case.
+  The quality of the road network in Lisbon would be
substantially improved by implementing the road links
included in the policy proposal A3. However, noise
pollution will be high in some areas. If the weight of
noise is less that the total weight of all other concerns,
then A3 is the best balance between transport
improvements and environmental concerns. If the
concern for noise increases above that level, then A1
should be preferred. This option is less effective than A3
in transport terms, but the area affected by noise is much
smaller.
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BOX 5: Value function for accessibility in the
Lombardy case.
+ Accessibility of social facilities (such as
hospitals) needs to be guaranteed by the public
bus service of Lombardy. The province of
Mantova considers 13 km as an acceptable
distance to the nearest facility, while more than
19 km become unacceptable. Intermediate
distances receive an intermediate rating.
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The assessment made by a unit is the result of factual information (the impacts) and of
value judgement (the objectives, concerns, value functions, and weights of the unit).
Conflicts between units can be the result of differences in any of these components. In
DTCS they are defined in a narrow and precise way: they are disagreements on the
preferred outcome of the decision for different units. Conflicts may depend on an unfair
distribution of costs and benefits of the plan, but they may also depend on different
objectives, specific evaluation criteria and individual weights employed by the units.
Conflict indices are used to classify the type and measure the intensity of conflicts. They
identify the units between which conflicts are stronger, and the differences between units
which are at the basis of conflicts. The indices can be used to detect the critical conflict
factors, which can be the spatial distribution of costs and benefits of some type of impacts,
differences in the fundamental objectives and concerns of the units, difference in the
relative importance of these concerns etc. This evidence can be used either to inform and
support the negotiation process, or to search for better policies which decrease conflicts
and which are better suitable to respond to the concerns of all actors involved.
Evaluation, conflict analysis and feedback are part of a learning process. The methodology
developed in DTCS is meant to support the dialogues and the communication between
actors, as much as it is meant to support the selection of a good policy.
BOX 7: Conflicts in the Betuweroute and in the Lombardy case.
+ A conflict between the Province of Gelderland, in The Netherlands, and the National Dutch authorities
emerged during the evaluation of the Betuweroute freight railway. One of the main reasons was the large
share of environmental impacts suffered by Gelderland, which were not balanced by adequate economic
benefits.
+  Several municipalities affected by the Betuweroute strongly opposed the plan. However, their were
concerned with different issues even though they were affected by similar impacts. For instance, some
municipalities stressed the risk of accidents and the release of dangerous substances. Some others,
affected by similar risk levels, stressed other concerns, such as noise or demolition.
+  The reorganisation of the public transport sector in Lombardy, Italy, required the zoning of the region
in about 50 areas which are uniform in terms of transport demands. The Region and the Provinces agreed
on the objectives of the reorganisation but attached different weights to different objectives. Together with
the spatial allocation of the costs and benefits of the proposed plans, this caused conflicts.
BOX 8: Use of conflict indices to support conflict resolution in the Lisbon case.
+ Four packages of roads were considered for improving the road system of the Lisbon region. After a
first analysis, one package seemed very promising. It combined good accessibility improvements in the
region with limited environmental effects and few planning constraints. However, this package was very
unattractive for two municipalities (out of eighteen). Other five municipalities considered the plan
positive, but little better than the status-quo. This implied a conflict between a minority of the
municipalities, the region and the remaining municipalities. Conflict indices pointed out the weak points
of the proposal and measured the extent of the changes needed to improve the plan and reduce conflicts.
This led to the identification of a new road package, in which some road links were replaced, while
respecting engineering and transportation constraints. The new package retained most benefits of the
previous one, but significantly decreased the local costs. It represented a suitable solution to the conflict.
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14.3 Main results
The DTCS project has produced a series of guidelines and tools to support the analysis
and evaluation of spatial conflicts in transport policies. They have been tested and applied
to four case studies in Europe. A prototype of a software package which supports the
DTCS methodology has also been developed.
Analysis of the transport policy framework. F ur themes can be used to organise the
transport debate in Europe: mobility, competitiveness, cohesion, and sustainability. The
analysis of the transport policies in Europe and in the four countries involved in DTCS
(Italy, Netherlands, Portugal, United Kingdom) has shown that achieving objective levels
in all themes simultaneously may prove more difficult than traditionally assumed. The key
concerns relate to the degree of synergy between mobility and economic growth as
primary objectives of policy, and to the distribution of policy effects between different
groups, different regions and the environment. The analysis of the case studies in DTCS
shows that the assumption of a policy making role by one level of policy making may
impose serious costs leading to conflict on both higher and lower level. In addition, the
articulation of policy at higher levels needs to be clear and precise to avoid
misinterpretation at lower levels. The articulation of policy at the EU level, for instance, is
frequently too imprecise to be correctly interpreted by lower levels. This arises, for
example, where a Trans-European Network (TEN) is planned. This produces a clear
expectation of an EU level of interest, but the EU is not capable of expressing it clearly, in
a way which can be interpreted and evaluated by other policy units or stakeholders. A
better articulation of policy objectives and a better integration of concerns at different
policy levels is thus necessary to achieve a suitable balance between mobility,
competitiveness, cohesion, and sustainability.
Output of DTCS: inventory of policies which combine transport, sustainability and
spatial planning in the four DTCS countries; analysis of the relationship between
mobility, competitiveness, cohesion, and sustainability; assessment of the coherence of
these four goals in policies.
Guidelines to structure the concerns of a unit and to select impact descriptors. In the
literature and practice of policy evaluation there is substantial confusion on the
interpretation and use of basic terms, such as policy objective or evaluation criteria. For
these reasons, the terms concern and impact descriptors (the variables used to measure
impacts) have been preferred in the DTCS project. Since the (expected) effects of
transport policies are often a mix of quantitative/qualitative estimates, the descriptors used
in the DTCS methodology are generalised descriptors. The whole analysis can be carried
out with numerical impacts, a mix of numerical and qualitative impacts, and only
qualitative impacts. All procedures and all analyses remain exactly the same, independent
of the nature of the descriptors used.
Output of DTCS: guidelines for the identification and interpretation of objectives and
concerns; guidelines for the identification and interpretation of descriptors.
Techniques to assess value functions. A value function is a simplified representation of
human judgements and needs to be assessed in close co-operation with policy actors or
sector experts. Value functions serve to translate impacts into attractiveness values, which
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state if the outcomes of a policy are able to answer to the concerns of a unit. This may be a
demanding and complex task. DTCS uses a technique (called MACBETH) which extracts
value functions from qualitative, verbal judgements. The advantage is that it is possible to
distil a clear evaluation strategy from judgements made in plain language. Value functions
are the mathematical equivalent of this evaluation strategy.
Output of DTCS: a reference procedure for the assessment of value functions for
generalised descriptors (qualitative, quantitative).
Techniques to assess weights. Weights are used, implicitly or explicitly, every time the
assessment of a transport policy depends on the combination of several impacts. From the
analysis of policy documents and of the practice of policy assessment it becomes clear that
the concept of weight is often misunderstood or misused. The most critical mistake is the
use of weights in isolation of the range of impacts of a policy and of the method used to
aggregate impacts.
Output of DTCS: a reference procedure to assess weights.
Techniques for sensitivity of results. The large uncertainty which affects policy
evaluation makes the results of the assessment sensitive to errors in impact prediction and
to imprecise value judgements. The DTCS project has developed a series of analytical
tools to test the sensitivity of results and to assess the credibility of outcomes.
Output of DTCS: sensitivity analysis methods for impacts, value functions and weights;
custom algorithms for ordinal and cardinal weights sensitivity.
Techniques for conflict analysis and feedback. Conflicts correspond to a disagreement
between two or more units on the outcome of the decision. The cause of conflicts depends
on the evaluation framework. Three frameworks are used in the project. The Individual
Structuring-Individual Evaluation framework (IS-IE) applies when units employ
completely different perspectives to evaluate the same policy. The Group Structuring-
Individual Evaluation framework (GS-IE) applies when units agree on the concerns and
descriptors to employ, but have different preferences, such as different weights. The
Group Structuring-Group Evaluation framework (GS-GE) applies when units share
concerns, descriptors, value functions and weights. In the first case (IS-IE), conflicts may
emerge due to differences in any of the aspects involved in the evaluation. In the second
case (GS-IE), conflicts can be caused by the impact distribution, or by differences in value
functions and/or weights. In the third case (GS-GE), the distribution of impacts is the
cause for conflicts.
The methodology distinguishes between relative and absolute conflicts. A relative conflict
occurs when an alternative is preferred to another in a unit, and vice versa in a different
unit. An absolute conflict emerges if an action is viewed as good (or acceptable, or
suitable) in one policy unit, and bad (or unacceptable, or unsuitable) in another unit. The
methodology also distinguishes between decision scopes, which are the desired outcome
of the decision. Scopes considered are: the choice of the best alternative (choice scope);
the choice of an attractive alternative although not the best (attractiveness scope); the
ranking of the alternatives (ranking scope).
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Conflicts are analysed through conflict indices. Each index addresses a combination of
type of conflict (relative or absolute) and decision scope. Conflict indices are developed for
pair of units (to check if there is a conflict, and the intensity of the conflict); for the whole
group of units (which units conflicts more with the others) and for policy alternatives
(which policy alternative causes which type of conflict). The results of conflict analysis are
exploited in the feedback phase, which serves to identify which impacts of the policy,
which differences in concerns, descriptors, value functions and weights cause more
conflicts. Since, at present, there is no automatic procedure to perform this analysis, DTCS
offers guidelines to use the indication of different indices. A typical result of this analysis is
the identification of mitigation or compensations measures, or the indication of where to
focus the design of new policies which could diminish a particular type of conflict.
Output of DTCS: eight conflict indices suitable for relative- absolute conflicts in choice,
attractiveness and ranking scopes. Guideline for the use of indices for feedback and
generation of policy measures.
An example to illustrate the methodology. An example has been developed to illustrate
all components of the DTCS methodology in a simplified setting. The example is self-
contained and serves to explain in simple terms the usefulness and implications of the
DTCS methodology.
Output of DTCS: an example case with four units and three policy options to explain and
test the DTCS methodology.
Software. The DTCS methodology has been implemented in a (prototype) software
developed on a spreadsheet platform. The software supports all parts of DTCS and, for
each component of the methodology, offers at least one option to carry out the analysis.
The software can be linked to a GIS so that spatial analysis and decision analysis can be
integrated.
Output of DTCS: a prototype software based on Excel; a tutorial based on the example
case; a technical manual.
Case studies. Four cases have been studied in DTCS. The cases include two TEN
projects (the Channel Tunnel rail link in England, and the Betuweroute in the
Netherlands); the reorganisation of the public bus network in Lombardy (Italy) and the re-
organisation of the road system in the Lisbon metropolitan area (Portugal). The cases
cover ex-ante (I, P) and ex-post (GB, NL) assessments; railway (GB,NL) and road (I, P)
schemes; provision of infrastructure (GB, NL, P) and management of service (I).
The Channel Tunnel rail link case focuses on the location of the Station in Ashford, the
route through the Medway section (a natural area) and the number and location of
intermediate stations. The balance between business and economic concerns (e.g.,
economic generation capacity, penalty to international travellers), quality of life (e.g.,
traffic, noise) and ecological impacts proved difficult to achieve, resulting into conflicts in
the vertical sense (e.g., the national vs. the local level for the location of the Ashford
station) and horizontal (e.g., between regions for the location of intermediate stations). For
the crossing of the Medway section, the DTCS methodology justifies the choice of the
short-tunnel option, which represents a compromise between the national and regional
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authorities on economic and environmental concerns. For the Ashford route, the conflicts
between the national unit and the regional/local units could be distilled down to a trade-off
between economic regeneration capacity and costs. The application of the DTCS
methodology justifies the choice of the least conflicting solution. For the location and
number of intermediate stations, the methodology was applied ex-ante. It highlighted the
difficulty to find a solution suitable for the national level (concerned with the quality of
domestic and international connections) and the regional levels (interested in the economic
regeneration effect of a station). The only way to find a station option which is agreeable to
the national and regional units is by increasing environmental mitigation or economic
compensation.
The Betuweroute case focuses on the position of national, regional and local actors as
concerns the final route of the railway. The spatial distribution of benefits (which peak in
Rotterdam) and costs (distributed across the whole corridor) was a main cause of
conflicts. The case study first analysed the reactions of provinces, municipalities, citizens
and stakeholders (more than 5000 documents) presented to the national authorities when
the project was completed. Apart from a predictable correlation between complaints and
impacts, the large share of procedural remarks (25%) indicates that local levels are clearly
concerned about their participation in the strategic decisions. The analysis also
demonstrated that top-down decisions complemented by public participation may be
inefficient, ineffective, and trigger strategic behaviours which undermine the usefulness of
participation. The DTCS methodology was then applied ex-post, to analyse the perspective
of the regional and local units from a different angle and requiring their direct involvement
in the assessment of the plan. For the units analysed (Province of Gelderland and its
municipalities), the plan was unattractive, underlying a conflict with the national
authorities. However, systematic differences in the positions of units could be identified.
They were the consequence of impact distribution, but also of different concerns and
weights employed by the units. Mitigation of noise and landscape effects emerged as the
most effective strategy to reduce conflicts. However, only radical re-designs, such as the
tunnelling of the whole railway, could change the position of regional and local units from
opposition to neutrality. An alternative approach, based on the combination of the
Betuweroute and other regional plans which produce regional benefits, emerged as a
possible strategy to remove the deadlock produced by the conflict between national,
regional and local authorities.
The zoning of Lombardy (Italy) consists in the division of Lombardy into areas which are
homogenous in terms of transport demand. This process was part of the whole
reorganisation of the bus service in the region. Within each area of a zoning solution,
licences to operate the public bus network will be allocated through public tenders. This
system is meant to increase the competition between bus operators, to increase the
efficiency of the Lombardy bus network, and to decrease the amount of regional subsidies
to bus companies. The most suitable zoning solution was negotiated between regions and
provinces, taking into account the national guidelines, and the interests of large urban
areas, bus companies and trade unions. Conflicts emerged between the region (which
prefers small areas to maximise competition and minimise subsidies), the provinces
(which prefer large areas to minimise changes in the service level), and bus companies
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(large companies prefer large areas to keep their leadership; small companies prefer small
areas to prevent being excluded from the tenders). The DTCS methodology was applied
ex-ante, to support all stages of assessment, evaluation and negotiation. A large number of
alternative zoning options was generated based on spatial transport demands. Each option
was evaluated taking into account multiple concerns (such as accessibility levels in each
area; suitability of the zoning to generate competition between bus companies; etc.). The
methodology was also applied to compare different zonings and to generate new solutions
which could decrease conflicts. It guaranteed transparency and the possibility of handling
large amounts of information in a clear and rational way. It also provided information to
support all stages of the negotiation between provinces and the region, which eventually
agreed upon a final zoning (51 areas).
The reorganisation of the road network in the Lisbon Metropolitan region involves the
allocation of investments to packages of road links, meant to increase the quality of the
regional road network and to decrease congestion. The whole set of road links proposed
would require a budget twice as high of that available. The choice of which sub-set to
implement requires the balancing of budget constraints, improvements in the regional
transport system, economic benefits and environmental impacts. Since the costs and
benefits of each package are not uniformly distributed across the 18 municipalities which
compose the region, the spatial distribution of impacts has also to be taken into account.
The DTCS methodology was applied ex-ante, to structure the perspective of the regional
and municipal administrations. Impacts were estimated on a GIS platform. One of the four
packages which was first evaluated emerged as a promising solution, attractive for the
region and for ten municipalities. However, this package raised conflicts with the other
municipalities, for instance due to high environmental impacts and limited economic
effects. Conflict indices suggested the generation of two additional options which cold
potentially diminish conflicts. One of the new packages was then selected. This package
was able to satisfy regional and local actors to a large extent, and to diminish the conflicts
between regional and local authorities.
14.4 Scientific interest and novelty
The main scientific result is the specification of a fully consistent and theoretically coherent
approach that goes from the identification of policy units, to the assessment of policy
options from the unit’s perspective, to the assessment of conflicts.
The indices of conflicts applied to multicriteria models are a novel feature of the DTCS
methodology. The development of absolute conflict indices required the conceptualisation
of reference profiles which have the same substantive meaning across units. This aspect
would need additional research. In some case studies, it emerged that the selection of a
neutral reference profile was biased by a “memory effect”. Some negative impacts in a
unit, for instance, were considered as neutral since they were significantly inferior to those
expected by the unit due to a previous policy proposal. Similar impacts in other units, on
the contrary, were rated as very negative. This perception distortion may affect the
evaluation and raises the issue of the timing and stage at which the assessment is made.
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With the DTCS approach, sensitivity analysis is applied to all types of data, but particular
emphasis is dedicated to the weights. An algorithm to compute weight sensitivity has been
developed that is independent of the weight normalisation. Weight normalisation is
convenient for computational reasons, but it is an irrelevant operation in substantive terms.
However, the results of sensitivity analysis may depend on the normalisation. A special
approach to weight sensitivity, not affected by normalisation choices, has thus been
designed.
The influence of the scale and location dimension on the attractiveness of a policy can be
assessed with DTCS. An attempt has been made in DTCS to provide a theory which
identifies inside and outside decision making contexts of a unit, so that the occurrence of
conflicts can also be related to the competitive or co-operative behaviour of a unit, and to
the internalisation of positive and negative externalities. This fundamental aspects requires
additional research.
Finally, the integration of multicriteria analysis (MCA) and spatial analysis (SA) is often
used to perform map overlays, especially for raster maps. Since the DTCS methodology
applies at the level of policy units, the integration of MCA and SA can be based on both
raster and vector maps. This implies that the methodology can be transferred to, and
integrated with, most commercial Geographical Information Systems.
14.5 Policy relevance
The case studies, the responses of the scientific community and of the policy makers
involved in DTCS have highlighted added values and open issues of the methodology.
Participation and co-decision. Policy makers involved in the project have expressed a
clear concern for promoting cooperation between private and public organisations in policy
assessment. Many experienced difficulties in making this effective and useful in practice.
The bottleneck was not the political will, but the lack of a systematic approach to assess
the perspectives of the many actors involved, and the implications of different
perspectives. This was recognised as one of the main added values of  DTCS.
A way of thinking and a way of doing. The approach is, first of all, a systematic way of
thinking about conflicts. This is complemented by tools which support the analysis of
conflicts. The DTCS methodology is not a recipe, but a toolbox of instruments applicable
to a wide range of situations. It can be applied in full, only in parts, or even only as a
guideline for thinking logically about conflicts and negotiation. A wide applicability of the
approach emerged, as a technical tool to provide technical answers, and as a management
tool to aid conflict management and negotiation.
Conflicts. Conflicts in policy evaluations are almost unavoidable. Conflicts contain a
creative force, which may drive policy improvements and better decisions, but beyond a
certain threshold they can crystallise and jeopardise the interaction between actors. The
DTCS methodology allows for an early identification of conflicts, and offers the
opportunity to exploit them as a creative force, before they negatively affect the whole
decision process and split the actors between winners and losers.
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Communication. As recognised by many involved in the project, difficulties in
communication between actors, and the lack of recognition of the position of other actors,
may hamper policy design and evaluation. The DTCS approach makes it clear to the whole
range of actors their position in relation to that of the others.
Support for policy improvements. By focusing on the weak points of the plan, as
perceived by the players, it is possible to investigate mitigation, compensations or even
completely new designs which could decrease conflicts and improve the outcomes of the
plan. The case studies demonstrated that this can be done even on the basis of relatively
poor information and qualitative evidence.
But:
It is clear that no methodology can deny the importance of negotiations and political
debate. Special attention was necessary to dispel any such doubt during the applications.
Also, the degree to which the use of DTCS can trigger strategic behaviours is still to be
verified (for instance, the exploitation of the approach to achieve over-compensation of
damage). Such behaviour is present in any situation which mixes cooperative and
competitive motives. The effect of DTCS on the negotiation behaviour is still to be fully
understood.
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Appendix 1. Inside and Outside decision-making
Contexts
The characterization of each policy unit can be based on the In ide Decision making
Context (IDC) and the Outside Decision making Context (ODC).Within an IDC, a policy
unit may make independent evaluations and make independent decisions regardless to the
roles and decisions of other units. The ODC represents a broader context, in which the unit
expresses concerns and takes into account the effects of a policy beyond those affecting
the unit directly. Both IDCs and ODCs are defined as a system of relationships between
the impacts relevant for the unit, its value system and the scope and influence it has in the
decision process (Figure A1.1).
ODC
IDC
Impacts
Scope and
influence
Value
system
Figure A1.1. IDC and ODC
Definitions of IDC and ODC
An IDC comprises the impacts of policy actions in the policy unit, the value system of (the
actors in) the policy unit and the role and influence of the policy unit to shape the decision.
Within an IDC, we can distinguish the
· Impact-Values (IV) relationship. The impacts are relevant with respect to the value
system of the actors in the policy unit, in the sense that different impact levels may be
judged and ranked within the value system. The impacts are also able to trigger, shape
or make emerge aspects of the value system of the actors.
· Impacts-Scope (IS) relationship. The impacts are within the scope of influence of the
actors in the policy unit, in the sense that the unit can act in order to modify impacts. In
addition, the scope and influence of the unit can be substantiated and set to action by
evidence on the policy impacts.
· Values-Scope (VS) relationship. The value system reflects the scope and influence of
the policy actors. The value system determines the behavior of actors in the unit and
determines how and to which extent the potential scope and influence is activated.
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Within an IDC the impacts, values and roles considered are only the subset of all impacts,
values and roles which characterize a policy unit. The O tside Decision making Context
(ODC) provides the complementary characterization.
The ODC is characterized by impacts, values and scopes/influences which are relevant for
the decision unit, but are not included in the IDC of the unit.
· Impacts: An ODC includes impacts which are not accounted for in a IDC because they
are relevant but cannot be influenced in a significant way by the policy unit (e.g.
emission of CO2 and other green house gasses) or because they are relevant for another
unit but not for that under exam (e.g. impact on an archeological site in a distant area).
· Values: An ODC includes objectives and concerns not related to direct impacts in the
IDC (e.g. a strong decrease in accessibility in another region) or which cannot be
influenced directly by the unit (e.g. protect natural areas, even if there are no natural
areas in the unit).
· Scope:  An ODC includes scopes which are not triggered by direct impacts in the unit
and do not reflect Inside concerns of the unit (e.g. protect the cultural heritage and
campaign for this purpose, even if there is no impact of this type in the unit).
Under these definitions, the union of the IDC and ODC of a unit provide the Decision
making Context (DC) of a unit. In symbols:
DC = IDC È ODC
The IDC can be complementary descriptions of the full decision context or show some
degree of overlapping. In the first case, i.e. when IDC and ODC are complementary, the
unit will be able to distinguish completely between the attractiveness of the policy action
within the unit and outside the unit. In the second case, i.e. when IDC and ODC overlap,
this will not be possible and the evaluation has account for IDC and ODC simultaneously.
As an example of the Inside and Outside decision context, let us consider the following
case related to the position of a region for a transport policy decision aimed at increasing
accessibility. Let us assume that regions have the statutory role of managing accessibility
within their areas by managing the service level of existing infrastructures and by
designing new infrastructures for the regional network. A region in this case is a policy
unit. Within the IDC we can found:
· scope: manage accessibility in the region and design regional links;
· impacts: accessibility levels in the region;
· values: desirability of different levels of accessibility.
Within the ODC of the unit we could include:
· scope: possibility to accept/reject major network projects of national interest.
· impacts: costs of the national network improvements;
· values: safety of the transport network at the national level.
This can be represented graphically as in Figure A1.2, where the Inside and Outside
decision making contexts are displayed for the unit under evaluation (U11 in this case).
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U1
U11 U12
U111 U112 U121 U122
National
Regional
Local
IDC
ODC
Figure A1.2. Hierarchy of policy units: Inside and Outside decision context for U11..
Hypotheses
The network of relationships between policy units is described by the IV, IS, VS
relationships between the IDCs and ODCs of the various units. However, in the rest of this
chapter the focus will be limited to the impacts-values (IV) relationships between units.
The scope and influence of each unit will be considered only indirectly: they serve to
define the units but are not considered as a variable in the analysis of the relationship
between units. Thus, the IS and VS relationships are not addressed any further in this
chapter.
This implies that each policy unit and its IV relationships with the other units can be
described by:
1. analyzing the policy impacts ascribed to each policy unit;
2. analyzing the policy impacts ascribed to all other units, but relevant for that under
consideration;
3. analyzing the value system of each policy unit as relates to its direct impacts and
4. analyzing the value systems of each unit as relates to impacts on other policy units.
More in detail, the following three hypotheses are assumed:
Hypothesis 1: Inside decision making context of a policy unit. The overall impacts of a
policy action can be decomposed and ascribed to each policy unit in line with the concerns
and objectives expressed by the unit. This hypothesis guarantees that each unit can analyze
the attractiveness of a policy action independent of the other units, and state the degree to
which the action satisfies the unit’s objectives or reflects the unit’s concerns. Within its
Inside context, each unit can be seen as an independent player which rates the
attractiveness of a policy action for itself within its domain and under its specific
perspective.
Hypothesis 2: Outside decision making context of a policy unit. Each unit mirrors its
value system to the impacts of a policy action outside its spatial domain. This implies that
the overall policy impacts are visible to all policy units and can be used to state the
attractiveness of a policy action as concerns what happens outside its borders. The Outside
decision making context extends the perspective of a policy unit to other units, extending
its concerns beyond its domain of direct influence. Within an Outside decision making
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context, a unit rates the attractiveness of a policy action on the basis of concerns and
objectives not related to the direct impacts within the unit’s domain.
Hypothesis 3: Spatial relationships and (real or potential) spatial conflicts. The
relationship between policy units depends on the evaluations which each unit makes within
its Inside and Outside contexts. The type of relationship ranges from full agreement (all
units evaluate the same policy action in the same way) to full disagreement (all units rate a
different option as the most attractive).
Notation
Under the three hypotheses above, the unit Ut is characterized by:
· A Unit’s Value System, UVSt ,which can be split into the Inside, VSt, and Outside, vst
systems: UVSt = VSt È vst
· A Unit’s set of Impacts UIt ,which can be split into the Inside, t, and Outside, it, set of
impacts: UIt = It È i
· The Inside Decision making Context, defined as the pair value system-impacts within
the Inside context: IDCt = <VSt, It>
· The Outside Decision making Context, defined as the pair value system-impacts within
the Outside context: ODCt = <vst, it>
· The Inside attractiveness of alternative a for unit t, VtI(a), that is the attractiveness
within its IDC. VtI(a) is a function of the values systems and impact related to the
Inside decision making context: VtI(a)=fI(VSt, It)
· The Outside attractiveness of alternative a for unit t, VtO(a), that is the attractiveness
within its ODC. VtO(a) is a function of the values systems and impact related to the
Outside decision making context: VtO(a)=fO(vst, it)
· The overall attractiveness of alternative a for unit t, Vt(a), is a function of the values
systems and impact related to the Inside and Outside decision context: Vt(a)=f(VSt, It,
vst, it). If IDC Ç ODC = Æ, that is when VSt Ç vst = Æ and It Ç it= Æ, the overall
attractiveness is a combination of the Inside and Outside attractiveness, VtI(a) and
VtO(a): Vt(a)=g(VtI(a), VtO(a))
The spatial relationship between units
Policy units can be found at different spatial levels and their decision contexts show a
spatial characterization. For simplicity, let us restrict to a simple hierarchical organization
of policy units into three levels: local (L), regional (R) and national (N). The same holds
for different hierarchies and for networks of units.
A full characterization of all policy units involved in a decision requires the
characterization of several IDCs and ODCs. Due to the spatial dimension of each unit,
IDCs and ODCs are related to each other through spatial relations, which shape the IDCs
and ODCs. Starting from the local level (the lowest level in this spatial hierarchy) the IDC
of a local unit will have a local characterization (local impacts, local values). The ODC of
a local unit, on the other hand, will have a local (excluding itself) but also a regional and
national characterization.
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As an example, consider a local unit (a municipality, city council, borough, etc.) involved
in land-use policy making. The IDC and ODC could include:
· IDC impacts (local): portion of unit’s territory designated for industrial activities;
values (local): increase local employment opportunities;
· ODC impacts (local, affecting other unit’s) : environmental impacts in other areas
outside the unit
· values (local, affecting other unit’s) : prevent disruption of natural areas elsewhere.
In this example, the IDC of a local unit focuses on local aspects of the policy. The ODC,
on the other hand, includes concerns outside the direct sphere of influence of the unit,
which can be regional and national, but also local referring to another unit at the same
level. This suggests the relationship between a spatial level and the characterization of
IDCs and ODCs: the IDC of a unit has a strong spatial identity which reflects its position
in the spatial hierarchy; the ODC has a spatial characterization which reflects the spatial
relation of the unit with respect to all the other units in the hierarchy. This results into the
following diagram (Figure A1.3) which shows the IDCs and ODCs of units at various
levels.
IDC
ODC
LL LR LN
RR RN
NN
LL
RR
NN
Local
Regional
National
Local Regional National
Spatial character of the IV relationship
S
p
a
ti
a
l 
le
v
e
l
RL
NL NR
Figure A1.3. Spatial characterization of IDC and ODC.
The square boxes indicate IDCs and the labels inside the box specify their spatial
dimension. For instance, the square box RR indicates the regional IDC. The circles
indicate ODCs and their label the spatial dimension. For instance, the circle labeled with
RL represents the ODC of a regional unit as concerns local aspects.
In formal terms, and referring back to hierarchy in Figure A1.1, the unit AREA1 (r gional
unit) is characterized by:
IDC11= <VS11, I11 >
ODC11= <vs1, i1, vs12, i12, vs111, i111, vs112, i112, vs121, i121, vs122, i122>
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where the IDC includes values and impacts which relate strictly to the unit, and the ODC
includes values and impacts which relate to all other units in the hierarchy. The overall
attractiveness of alternative a for unit t, Vt(a), is therefore:
Vt(a)=f (VS11, I11, vs1, i1, vs12, i12, vs111, i111, vs112, i112, vs121, i121, vs122, i122)
The spatial relationship implies that parts of the IDCs and ODCs of each unit will depend
and will be determined on the basis of the IDCs and ODCs of other units. Although the
complexity of these relationships makes it clearly impossible to model the relationships
exhaustively, the following diagram attempts to establish some of the main types of
relationships. Four main type of relationships are distinguished, related to equity issues,
coherence issues, majority issues and representation issues.
LL LR LN
RR RN
NN
IDC
ODC
1 2
3 4
9 105 6
7
8
11
12
Equity issues
Coherence issues
Majority issues
Representations issues
13
LL
RR
NN
RL
NRNL
Figure A1.4. Spatial relationship between IDC and ODC.
Let us start from the local level, which describes IDCs and ODCs of local policy units.
Within each local unit, the IDC and ODCs will be partially or totally defined by the local
unit’s features. This results into a Local-Local IDC and a Local-Local, Local-Regional and
Local-National ODCs. The Local-Local IDC and ODC may also include factors which are
local in nature, but considered also by the regional and national units. A typical case is
when national and regional units have interest in pursuing local objectives to establish goal
conforming behaviors at all spatial levels. In such a case the local IDCs of the regional and
national levels may be reflected in the IDC and ODC of a local unit. This is related to
coherence issues, in the sense that the local concerns expressed by the regional (RL) and
national levels (NL) may be reflected locally for coherence purposes. This type of
relationship is represented by thin arrows - 2 6, 8 and 10 - which include this type of
relationship also for the regional level.
Starting again from the local level, when a majority of local units (LL) express the same
concern, this concern is likely to become a part of the IDC of another, higher level, unit.
For instance, let us suppose that all local levels in a region express a concern for noise
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effects due to an increase in private transport. This suggest that the region should take
noise into account even if this is not a concern which emerges at the regional level. The
same holds for the relationship between the regional and national level. If, for instance, all
regions or a majority of regions are concerned with accessibility issues, then this issue
should find a place at the national level. This type of majority relationship is represented by
thick arrows, 3 and 13.
The equity issue is the other side of the majority issue. If, for instance, a single or a
minority of local units express a specific concern, or are affected by an important local
impact, then it becomes a matter of equity to account for these factors at a higher level.
This could become a part of the IDC or ODC of higher levels, which are levels at which
equity issues can be addressed. This type of relationship is represented by dashed arrows
1, 5 and 9.
Finally, the representation issue is related to the degree to which concerns coming from
the bottom of the hierarchy are considered at higher levels. If, for instance, a local unit
expresses a regional concern on regional accessibility, this concern could be considered at
the regional level. This type of relationship is represented by dotted arrows 4, 11 and 12.
Comparing the IDC and ODC of the units
Since several units with different IDCs and ODCs participate to the evaluation of the
attractiveness of one or several policy options, it becomes relevant to analyze the
differences between these units. Differences may be at the basis of conflicts between units.
To compare the IDCs and ODCs of a network of policy units it is first necessary to
structure the evaluation (that is the components of the IDC and ODC for each unit) and to
provide a common framework in which the IDCs and ODCs of each unit can be
represented and compared. Without going into the details of this exercise, which will be
the topic of the next chapter, let us consider here an example of this type of analysis
The example refers to the decision process for the location of the Ashford station for the
Channel Tunnel Rail Link (cf. Chapter 9). The policy units in this case are organized
hierarchically, in this case in a purely vertical hierarchy which distinguishes between the
European Union, the national level, the regional level (Kent County Council) and the local
level (Ashford Borough Council) (Figure A1.5).
EU
Department of transport
Environmental forum
Kent County Council
Ashford Borough 
Council
Figure A1.5. Hierarchy of policy units for the Ashford station.
Institute for Environmental Studies252
The list of concerns expressed by the policy units together with their spatial
characterization is shown in Table A1.1. Each concern is labels in terms of its local,
regional, national or supranational character. The dark shaded cells indicate the aspects
within the IDC of each policy unit, while the light shaded cells indicate aspects within the
ODCs. The local unit ABC, for instance, includes local concerns (number 1 to 12) in its
IDC, and concerns 13, 14 and 15 in its ODC, which are regional and supranational
concerns. Table A1.1 highlights the differences between actors, the nature of the concerns
expressed by each unit and the degree to which each unit focuses on Inside or Outside
aspects. In this case, the conflicts may emerge on the best choice for the location of the
station, for which there are two alternatives. If the analysis of the two options on the basis
of the concerns of each unit leads to different results, then these differences can lead to
conflicts. The reason for the conflicts will lay in the different composition of the IDCs and
ODCs, and also on the detailed analysis of the effects of each proposed solution in relation
to the concerns expressed.
Table A1.1. Concerns of policy units actors for the Channel Tunnel Rail Link (Norman
and Vickerman, 1997a) . The asterisk indicates an explicit concern of the
policy unit. Dashed cells correspond to IDC of a unit.
Area of concernConcern ABC
(L)
KCC
(R)
UR/
DOT(N)
EF
(N)
EU
(SN)
Quality of life 1. Noise (L) * * * *
2. Demolitions (L) * * * *
3. Severance (L) * * * *
4. Land take (L) * * * *
5. Accessibility to rural recr. Sites (L) * *
Ecosystems 6. Water (L) * * * *
7. Ecological impacts (L) * * * * *
8. Compensation (L) *
Quality of land 9. Visual impacts(L) * * * * *
10. Historical/ cultural (L) * * * * *
11. Rural land take(L) * * * * *
Busin./economy12. Losses of jobs(L) * *
13. Business relocation (R) * *
14. Economic generation capacity (R) * * *
Customers 15. Effects on intern. Travellers (SN) * * * *
16. Efficiency of domestic connection (R-N) *
Costs 17. Costs (N) * * *
Legend: L=local; R=regional; N=National; SN=Supra National.
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Appendix 2. Economics and conflict analysis
Rationale
The purpose of this section is to relate the various approaches to the analysis of conflict
and its resolution considered in DTCS, to more traditional methods of economic
evaluation. Essentially most project analysis and evaluation requires an economic
evaluation as either one of, or the, principal decision making tools. The advantage of the
economic evaluation approach is that it enables the reduction of the various dimensions of
impact to a common metric. This is, however, also the principal problem posed by the
economic approach if it is dealing with a large number of factors which deny a simple
translation into monetary terms either directly or by the use of surrogate markets.
For most transport projects there are well-established means of evaluation, which clearly
allow for the principal factors involved. Thus values of time savings, of life (in connection
with accidents) and noise nuisance have been researched in considerable detail and
consistent values established. These values are typically related to the income or other
socio-economic characteristics of individuals and thus it is possible to introduce
distributional weights to correct for any tendency to overvalue the benefits to higher
income groups. There is clearly no difficulty in principle in incorporating and highlighting
the key issues in a conflict within the economic framework or of using the economic
evaluation approach to identify where conflict may occur. This section considers four basic
issues arising from this, market resolution of conflict, the question of property rights, the
evaluation of externalities and the issue of altruism and charity.
Market Resolution
The conventional way in which economics deals with conflict is through the operation of
the market. Markets determine a price that represents the equation of the marginal
willingness to pay of the sufferer (given by the inverse of the marginal cost to the sufferer)
from a conflict and the marginal valuation of the conflict imposing activity of the other
party. This is shown in Figure A2.1 below:
mvci
Quantity
Marginal
valuation
mcs
Figure A2.1. Market resolution of optimal levels of conflict.
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The horizontal axis shows the amount of the activity, which causes conflict, produced by
agent i. It is assumed that there are diminishing returns to the conflict producing activity
such that the value to the imposer i falls as the conflict increases (mvci). Similarly it is
assumed that the marginal cost to the sufferer s increases as the quantity of the conflict
producing activity increases (mcs). The intersection of the mcs and mvci schedules
indicates an optimal amount of conflict, that the valuation placed on the cause of the
conflict by the imposer is exactly equal to the marginal cost to the sufferer such that the
former can just compensate the latter. At lower levels of conflict the imposer can more
than compensate the sufferer, at higher levels of conflict the cost to the sufferer is much
higher than the value of the activity. This optimal level of conflict determines an efficient
price which will exactly compensate the sufferer and reduce the marginal net value of the
activity to the imposer to zero.
Conflict resolution by optimal pricing is well known for most forms of externality. There
are circumstances where direct pricing of the conflict is difficult for practical reasons. It is
also clear that an equivalent outcome can be achieved by regulation of the conflict causing
activity. Here the objective is to determine the optimal quantity of the conflict and regulate
that such that the activity level is optimal. Although this gives an equivalent output there
are some drawbacks to regulation over direct pricing in certain circumstances as shown in
Figure A2.2.
In Figure A2.2 there are two mvci schedules shown, that to the left is the perceived, but
false, schedule, that to the right is the true schedule. On the basis of the perceived mvci
conflict resolver can either set a price at pt or a regulated quantity at qr. In fact the correct
quantity is at q*. In the top diagram of Figure A2.2 setting the price wrongly at pt would
lead to an excess of the conflict creating activity qt and a large welfare loss (the area
betweeen the D2 curve and the msc to the right of q*). Setting the quantity at qr would le d
to below optimum benefits from the conflict creating activity, but a much lower loss of net
welfare since the triangle of welfare loss to the left of q* is much smaller than that to the
right. In the lower part of Figure A2.2 the reverse situation happens. Here the quantity
regulation would lead to a very large loss of welfare (the area between the D2 curve a d
the msc to the left of q*) by setting qr too low, but setting the price too low at pt would
cause a much smaller excess of conflict and welfare loss. Thus the relative merits of price
and quantity regulation where the valuation of the conflict producing activity is wrong will
depend on the relative steepness of the mvci and cs curves as well as the degree of error.
Since similar errors may occur in the evaluation of mcs, there are considerable difficulties
with both price and quantity regulation.
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Figure A2.2. Price versus quantity regulation.
Nevertheless this approach gives us some basic guidance on both the optimal level of
conflict and the distribution of the welfare gains in moving from a sub-optimal to the
optimal situation. It is this latter point, the distribution of the welfare gains, which is
particularly important. Only by defining accurately an optimal level of the activity causing
conflict can we identify clearly the welfare gains occurring as a result of improving the
situation. However, defining this optimal does not necessarily mean that there is a clear
way of attaining it. Three issues arise which need further consideration, the distribution of
property rights between interested parties, the acceptability of the evaluations of the
external effects causing conflict and the extent to which one set of individuals takes any
notice of the welfare of another set of individuals.
Property Rights
The market solution presented above assumes a situation of individuals or groups with
equal rights and abilities to trade over the conflict generating activity. In many cases this is
not the case. One party to the conflict may have either (or both) greater economic power or
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legal or statutory powers which place that party in a position to exercise particular
influence over the outcome.
Economic power arises typically through the initial distribution of wealth. The particular
situation which is relevant here is where one of the parties to the conflict is a single, large
economic agent, such as a major corporation, but the other party or parties, is a set of
individuals lacking a common organisational structure. This is of course the rationale for
the development of ad hoc pressure groups to fight particular decisions. Even so such
pressure groups do not typically have the resources to fight, since the value of the
externality causing the conflict is typically a much larger proportion of their total wealth
than for the large corporation. The resolution of such a set of conflicts may require the use
of distributional weights such that the less wealthy receive a larger weight for any benefits
accruing to them. This may not of course enable the market to resolve the conflict, but it
gives to the policy maker a more accurate indication of the overall benefit.
Legal power is a more difficult problem. This is where one party has secured rights which
cannot be traded on an equal basis. For example, a railway company promoting a new rail
line or a government agency promoting a new road may have specific legal powers which
enables them to act in a certain way and to include or exclude certain factors from their
decision. These rights cannot be traded with those suffering from a conflict. Hence it
becomes more difficult to reach a solution which is welfare maximising. Conversely,
however, the rise of environmental protection legislation, for example, has helped to
redress some of the economic power of large organisations, by giving those suffering from
environmental externalities rights to require certain limits on action or the right to demand
a full enquiry into the impacts of a scheme. Nevertheless, government agencies still have
considerable legal and statutory rights which make it difficult for the individual citizen to
perceive a fair market for the resolution of conflict.
The key economic issue in the identification of property rights is, however, the recognition
that, if such rights can be effectively identified, it becomes possible to conceive of a trade
in the property rights. Statutory rights are more difficult in this sense, but the effective
market resolution of disputes over statutory property rights is through pressure to change
the legal basis of these rights. Thus the need for government agencies to conform to, for
example, environmental regulations, is a curtailment of their property rights which has
been achieved through political pressure on the government. Such pressure comes
ultimately through the political process.
For other parties, however, there is a clear possibility of a market trading of property
rights. Essentially the issue here is the extent to which individuals can express the intensity
of their preferences by being prepared to buy property rights which would enable them to
secure a preferred outcome. Where there is a major inequality in income between the
affected parties it is of course clear that the any actual trade of property rights could enable
the richer party, or the promoter of a scheme, to obtain a clear advantage by being more
able to back preferences with cash to secure property rights.
Again this is where the legal and statutory framework becomes important. The increasing
emphasis on sets of statutory rights with respect to the environment, noise nuisance,
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emissions controls etc. have helped to redress the balance in favour of those with less
economic power.
What this demonstrates is the critical importance of understanding the distribution of all
the relevant property rights in advance of any economic evaluation of a project. Where the
existing distribution of property rights is not judged to be acceptable for the economic
evaluation to be taken at face value then, as in the case of income inequalities, an
appropriate weighting of the values can be undertaken.
Evaluating Externalities
Effective economic resolution of conflicts requires that all parties to the conflict recognise
and accept the evaluation of the externalities in the activity producing the conflict. We have
already seen the extent to which errors in the estimation of external effects and their
evaluation can lead to incorrect solutions which are welfare threatening. More significantly
these errors may not only be actual, but also perceived errors which differ in the view of
different agents. We need to consider therefore the perceived acceptability of the various
evaluations used in cases where there is no efficient market testing of the prices. This
situation does not arise in the case of traded goods where the price is market tested, but
where it is not, it becomes more difficult. If each of the parties to a conflict has their own
evaluation of both the mvc and mc curves in the figures used above (each of which may be
false), there is no market clearing price which can be achieved.
As a result there may well be a preliminary stage to the resolution of a conflict which
requires resolution of the values placed on the external effects of a conflict producing
activity. Much of the debate in advance of the final decisions concerning the routing of the
rail projects considered in the DTCS project was more about how to evaluate noise and
visual intrusion effects than an assessment of the actual effects of different route options.
This raises questions as to the transferability of values from one project to another.
Considerable effort has gone into the achievement of, for example, robust values of time
savings and life which are capable of transfer between different spatial situations.
However, it became clear in on of the DTCS case studies (the CTRL raillink) that what
had been developed as fairly robust values of noise nuisance in relation to airport and road
developments may not be immediately transferable to a high speed rail project where the
noise profile is significantly different. Similarly it is difficult to establish a transferable
value of visual intrusion without first identifying an acceptable, objective measure of
landscape quality. The more subjective are the external factors over which conflict arises,
the more likely it is that there will be conflict over the values applied to these.
Altruism
The analysis above has all been based on the usual hypothesis in economics that
individuals are selfish welfare maximisers, but that this produces an optimal outcome.
Selfish welfare maximisation in the context of environmental externalities is what
produces a typical NIMBY (not in my backyard) response. Individuals seek to minimise
the negative impact on themselves, but show no concern as to the consequences. We now
need to take into account what happens when individuals do not behave in this selfish way
but allow for the impact on others of their own actions. This can work in two ways. In one,
individuals include the negative impacts on others of their own decisions, that is they
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modify their own perceived welfare gains or losses from an action to allow for the losses
or gains to others. In the second, individuals seek to influence the decisions of others
because of a perceived mutual benefit.
This allowance for altruism can be addressed in one of two ways. In the simplest approach
we treat the distribution of welfare gains or losses from a decision as tradable between
individuals, rather like a side payment on the main conflict. Thus one individual may assist
another to secure an improvement or to oppose a decision and will do so to the extent that
that individual perceives a benefit, which may be a long run benefit of a quid pro quo type
in which "one good turn deserves another". This is a little like the usual presumption of
charitable behaviour although in the charitable giving case there may not be an explicit
contract since there is often a degree of anonymity involved. In the second approach we
incorporate some elements of one individual's utility function directly in that of another. In
this case there is a jointness in the determination of more than one agent's utility.
The interesting case we may observe in the case of the conflicts discussed here is that
which arises between different policy units, which have been characterised as the outside
decision context (ODC). Whereas the inside decision context (IDC) is that which solely
affects the individual policy unit's position, the ODC requires the policy unit to consider
ways in which factors outside its own control affect its welfare and behaviour. The ODC is
a framework within which we can consider the range of links, external to one economic
agent, which will impact on that agent's welfare.
In this way we can therefore examine the effect which, for example, a decision by one
local authority area to campaign for an intermediate station on the CTRL may be
supported by adjacent authorities. They can perceive a benefit to themselves and may
calculate that the case for an adjacent authority is so superior to that for their own that they
would prefer to ensure the location in this, their second preferred, location to not at all.
Similarly, they may wish to support an adjacent authority opposing environmental
intrusion in its local area. They may fear, on the one hand, that a successful campaign by
the adjacent authority may lead to a re-routing of the line over its own territory. More
importantly, they may feel that consistent pressure by all potentially affected areas may be
more likely to lead to an improvement in the terms and conditions on which compensation
is paid or the overall decision is taken.
In this it is clear that policy units are not behaving in a purely charitable manner. Their
concern for the interests of other policy units is primarily motivated by a concern for their
own welfare, but they perceive this as best served by support for the actions of another
policy unit. This is particularly the case where policy units would like to see a particular
set of values established for particular impacts of a type of project. This would arise where
the policy unit feared future developments of the same type which might affect them more
directly and thus is prepared to lend support to a similar policy unit now. This is rather like
the use of option values in project evaluations. Individuals may not have any current
revealed demand for the project or its services, but nevertheless place a positive value on
the existence of the project or service because they may wish to use it on some future
occasion. This includes individuals who place a strong positive value on the existence of
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natural environments, not because they gain any direct positive value from it in any other
way than simply by knowing of its existence.
Existence or option values demonstrate that it is not just those policy units, or
stakeholders, directly affected by a project, or those for which a direct marginal valuation
schedule can be estimated from a demand function, which are relevant. Any policy unit
may have option values for factors which are affected by the current project. In particular
we have to be careful not to assume that just those policy units which are spatially adjacent
to a project such as the CTRL or Betuweline are those whose values count.
We do have to be careful not to assume too large an impact of this effect. If policy units’
preferences are symmetrical then allowing for existence values or altruism has no real
impact, since if each unit makes an allowance for the other, then in the limit it is as if the
two exchange preferences and we get convergence on the traditional model without
interpersonal comparisons.
Summary
In this section we have reviewed the various issues raised by a more traditional economics
approach to conflict analysis. The essence of the approach is to use the tradability of the
factors leading to conflict to effect a market based solution. The advantage of this
approach is that it produces a clear optimal level of the conflict generating activity and the
welfare gains associated with reaching that level. The approach also clearly identifies
certain conditions which are necessary for the achievement of the optimum:
· that the values to both parties to a conflict are clearly identified and accepted by both;
· that any property rights owned by each party are clearly identified;
· that any option or existence values have been identified and that account has been taken
of any altruistic or charitable behaviour by each policy unit.
The purpose here has been to demonstrate that there are ways in which the decision
support framework developed in DTCS are consistent with a more conventional economic
evaluation framework. The decision support framework is valuable in identifying where
the types of conflict which may lead to variations from the simple market evaluation
framework arise, as well as having the potential to provide some of the weighting systems
which might be applied to any economic evaluation to allow for distributional questions.
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Appendix 3. Numerical weights varying in fixed
proportions
Let us consider here the case the uncertainty concerns the estimate of a l-dimensional (1£ l
£ m-1, with m total number of weights ) set S of weights, in such a way that the weights
wiÎS can vary but in fixed proportions, i.e. each can have a percentage variation aip,
where p is the percentage value and the ai are fixed coefficients. The weight values for
which a rank reversal occurs can be computed analytically. If we consider weights
normalised so that
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the (m-l) weights wi Ï S must vary to accommodate for normalisation. Assuming that they
vary of a percentage variation bp, where b is a fixed coefficient, the normalisation
condition is verified if and only if the sum of all the varied weights is still equal to 1:
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Let V(a), V(b), ..., V(n) be the overall policy option performances for p = 0, let a be the
policy option with the best overall performance (V(a)>V(b), ..., V(a)>V(n)), vi the i-th
value function and gi(k) the impact of policy option k in the i-th fundamental point of view,
so that
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=
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A rank reversal between policy option a and policy option j occurs for p = paj*  when
V*(a) = V*(j), where V*(k) is the overall value of policy option k corresponding to a
percentage variation of the weights p*:
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By imposing V*(a) = V*(j), i.e. V*(a) - V*(j) = 0, the value paj* which determine the rank
reversal between policy option a and j can be determined:
V a V j V a V j
V a V j
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* ( ) * ( ) ( ) ( ) (
( ) ( ) (
- = - + × +
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Appendix 4. Distance among vectors
The distance among vectors is not defined univocally. In this technical appendix different
measures of distance among vectors are introduced for both ranking and score vectors,
classifying them according to main classes of distances.
A problem connected to the use of vector distance measures in sensitivity analysis when
dealing with the weights is discussed: since the vector of weights is a normalised vector,
the distance used to perform a sensitivity analysis on the vector of weights must be
invariant with respect to the normalisation. If not, the result of the sensitivity analysis will
be unreliable. Finally, a vector distance invariant with respect to the normalisation, the
“cosine distance”, is proposed.
The distance among vectors is not defined univocally. We give here some general rules to
classify the possible definitions and some examples, considering both ranking (ordinal)
vectors and score (numerical) ones. Of course the distances defined for ordinal vectors can
be used for numerical ones. The opposite can also be done, but introducing some
arbitrariety, for example by attributing to each element of ordinal vectors a score which is
its position in the ranking.
Main classes of distances
· Symmetric / asymmetric distances: the distance d(A,B) among the two vectors A and
B is symmetric if it is always equal to the distance d(B,A) among B and A; the distance
is asymmetric in the opposite case.
· Lexicographic / compensative / not purely compensative distances: a distance among
two vectors is lexicographic if, taken one of the two as reference, a difference in the
position of one element cannot be compensated by any difference of positions of
inferior elements. A compensative distance allows such a compensation, since it
considers the number and the magnitude of differences without giving importance to
the element positions. A not purely compensative distance is somehow intermediate:
there can be a compensation but differences in the positions of superior elements are
weighted more than differences in the positions of inferior ones. Lexicographic and not
purely compensative distances are always asymmetric and are particularly used for the
ranking vectors, since a difference in the first positions of the ranking is usually
considered much more important than a difference in the lower positions: more
generally, the k-th position is more important than the (k+1)-th.
Ordinal vectors
When dealing with ordinal vectors, one should distinguish between strong and weak
ranking vectors, as well as between complete or partial ones: in the following examples we
refer to strong and complete ranking vectors.
Some examples of distances defined for ordinal vectors are given here.
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1) Kendall, symmetric and compensative distance:
d A B
n n
n n
acc dis
acc dis
( , ) =
-
+
with nacc and ndis number of accordances and disaccordances in the ranking order between
the elements of the two vectors. If d(A,B)=1 there are no disaccordances between the two
vectors, while if d(A,B)=-1 there are no accordances; intermediate values describe
intermediate situations. For example, given three elements a, b and g, if the two ranking
vectors are
A = [a b g ]T B = [b g a ]T
then
d A B d B A( , ) ( , ) .= =
-
+
= -
1 2
1 2
0333
2) Lexicographic and asymmetric distance with base h:
d A B i b hi
n i
i
n
( , ) = - × -
=
å
1
where bi is the position in the B vector of the policy option which is in position i in the A
vector, n is the number of elements of each vector, h is an arbitrary whole number such
that h ³ n, which is called base of the distance. Fixed h = 10 and given the two vectors
A = [a b g ]T B = [b g a ]T
then
d(A,B) = 2 × 102 + 1 × 101 + 1 × 100 = 211
d(B,A) = 1 × 102 + 1 × 101 + 2 × 100 = 112 .
Numerical vectors
The same classes of distances can be used to classify the distances among numerical
vectors. A further distinction can be done between distances based on differences and
distances based on ratios of values. Some examples are given.
1) Euclidean squared, compensative and symmetric, based on differences, distance:
( )d A B a bi i
i
n
( , ) = -
=
å 2
1
where n is the number of elements of the vectors and ai and bi are the scores of the i-th
element in vector A and B respectively. If, for example:
A = [2 5 3]T B = [3 6 1 ]T
then
d(A,B) = d(B,A) = (2-3)2 + (5-6) 2 + (3-1) 2 = 6
2) Tchebycheff, compensative and symmetric, based on differences, distance:
d A B
i
a bi i( , ) max= -
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where ai and bi are the scores of the i-th element in vector A and B respectively.  If, for
example:
A = [2 5 3]T B = [3 6 1 ]T
then
d(A,B) = d(B,A) = max  { 1, 1, 2 }= 2
3) Klafszky et al. (1989), asymmetric and not purely compensative, based on differences
and ratios, for vectors normalised so that S ai = S bi = 1, distance:
d A B
a b
a
i i
ii
n
( , ) =
-
-=
å 11
where n is the number of elements of the vectors and ai and bi are the scores of the i-th
element in vector A and B respectively. If, for example:
A = [.2 .5 .3]T B = [.3 .6 .1 ]T
then
d A B( , )
.
.
.
.
.
.
.= + + =
01
08
01
05
02
07
06107
d B A( , )
.
.
.
.
.
.
.= + + =
01
07
01
04
02
09
06151
4) Logarithmic, compensative and symmetric, based on ratios, for vectors with no zero
elements, distance:
d A B
a
b
i
ii
n
( , ) ln=
=
å
1
with ai and bi scores of the i-th element in vector A and B respectively. If, for example:
A = [2 5 3]T B = [3 6 1 ]T
then
d(A,B) = d(B,A) = ln
2
3
+ ln
5
6
+ ln
3
1
 = 1.69
Problems in the computation of distances among normalised vectors
A problem arises for numerical vectors which are defined via a linear normalisation
maintaining the ratios between the vector elements, as, for example, the vector of weights
determining the relative importance of the different fundamental points of view (given the
impact ranges of the respective descriptors and the units of the value functions). Chosen a
definition of distance and given three vectors A, B, C, the distance d(A,B) can result
greater or smaller then d(A,C) depending on the normalisation of the vectors. Two simple
examples will show this fact for both distances based on differences and ratios.
Let’s consider two different normalisations for three vectors A, B, and C: with the first
normalisation (vectors A', B', and C' ) the sum of the elements of each vector is set equal
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to 1, while with the second (vectors A", B", and C" ) the first element of each vector is set
equal to 1.
¢ = ¢ = ¢ =
¢¢ = ¢¢ = ¢¢ =
A B C
A B C
1
2
1
2
4
11
7
11
2
3
1
3
1
1
1
7
4
1
1
2
Using the most common Euclidean squared distance (based on differences) it results:
d(A' , B' ) = 0.037   d(A' , C' ) = 0.056
d(A" , B" ) = 0.563 d(A" , C" ) = 0.250 .
With the first normalisation B looks closer to A than C, while with the second
normalisation C looks closer to A than B.
Since the normalisation has to maintain the ratios between the vectors elements one could
think that distances based on ratios do not present this problem, but that’s not the case, as
shown by the following example: with the first normalisation (vectors A', B', and C' ) the
first element of each vector is set equal to 1, while with the second (vectors A" , B", and
C" ) the last element of each vector is set equal to 1.
¢ = ¢ = ¢ =A B C
1
4
1
1
2
2
1
4
6
1
¢¢ = ¢¢ = ¢¢ =A B C
1
4
1
1
2
1
1
1
4
6
1
Using the logarithmic ratio distance (based on ratios) it results:
d(A' , B' ) = 1.386   d(A' , C' ) = 1.791
d(A" , B" ) = 2.079 d(A" , C" ) = 1.791 .
With the first normalisation B looks closer to A than C, while with the second
normalisation C looks closer to A than B.
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This fact is of course unacceptable, because it makes any result of both a sensitivity or a
conflict analysis for normalised vectors completely unreliable.
A simple geometrical interpretation (see Figure A4.1) can explain the reason behind such
behaviour and help finding a solution. Let us consider the bi-dimensional weight vectors
A, B, and C. In the x-y space of their components the three vectors are represented by
three lines coming out from the origin. Each normalisation of a vector determine a point in
the plane. For instance if we consider vector A, and we normalise it in such a way that the
sum of its components is equal to 1, we obtain point A'; f we ormalise it in such a way
that its second component is equal to 1, we obtain point A". If we want to know the
distance between vectors A and B (A and C), we cannot measure it as the (Euclidean)
distance A'B'  (A'C' ) between points A' and B' (A' and C') or as the distance A"B" (A"C" )
between points A" and B" (A" and C" ): in fact it can happen, as shown in Figure A4.1 and
depending on the relative slopes of the vectors and of the lines determining the
normalisation, that A'B' > A'C' but A"B" < A"C" . What is invariant with respect to any
normalisation is the angle that two vectors form in the space of their components:
obviously the angle q formed by points A' and B' (with respect to the origin) coincide with
the angle formed by points A" and B" (with respect to the origin).
1
1
B A
C
B'
A'
C'
A"B" C"
q
y
x
x+y=1
y=1
Figure A4.1 The bi-dimensional vectors A, B, and C represented in the space of their
components x and y. The two dotted lines determine two different
normalisations of the vectors.
Synthesising we can affirm that the information that the normalised vectors give is the
direction they define in the space of their components and not a precise point in such a
space. A correct way of measuring distances between vectors is therefore to measure the
distance between their directions. A very simple distance which satisfy this requirement is
the “cosine distance” proposed in the following.
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The cosine distance
As seen previously, the distance between two vectors A and B can be defined as a
measure of the angle q they form in the space of their components. We propose here to use
the cosine distance which is the cosine of the angle q, and has the following formula:
d A B
i
m
( , ) cos= = ×
=
åq r r
a bi
A
i
B1
where m is the dimension of the vectors, ai and bi are the scores of the i-th element in
vector A and B respectively, and
r rA j
j
m
B j
j
m
a b= =
= =
å å2
1
2
1
,     .
Note that 
ai
Ar
  
bi
Br
æ
è
ç
ö
ø
÷  is the director cosine of vector A (vector B) with respect to the i-th
axe. If you want to minimise q, as in the case of sensitivity analysis, you will have to
maximise the cosine distance cosq. This cosine distance is invariant with respect to any
normalisation of the vectors.
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